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ABSTRACT

Fort DeSoto Bay is a shallow seagrass-dominated estuary located landward of Mullet Key that is
home to the most extensive seagrass beds in all of Tampa Bay. During a period of development in the 1950s
and early 1960s, the bay underwent extensive physical modifications, including the construction of earthen
causeways and dredged channels, which altered the bathymetry of the seafloor and changed natural
circulation patterns. The stagnation of water in the southern bay and increased estuarine residence time led
to elevated summer temperatures, reduced dissolved oxygen levels, and die-offs of seagrasses. Two 40-foot
circulation bridges were installed on each causeway in 2004 and 2016 to restore hydrological connectivity
between the estuarine cells, enhance water quality, and improve ecosystem health.
The purpose of this study is to evaluate the influence of dredged channels, causeways, circulation
bridges, and seagrass beds on circulation patterns at the Fort DeSoto Bay using a calibrated and verified
numerical model, the Coastal Modeling System (CMS). The model was constructed and calibrated using
in-situ velocity, tide fluctuation, and bathymetric data collected by the USF Coastal Research Laboratory.
A series of simulated scenarios were created within the numerical model, and compared with a baseline
scenario (i.e. the existing circulation regime) to determine the influence of natural and anthropogenic factors
on circulation patterns. The scenarios were designed to simulate predevelopment, post -development, and
post-restoration conditions to understand the evolution of flow regimes in a heavily modified estuary.
Modeling results show that the natural circulation patterns follow a north-south trajectory as water
enters the bay from Bunces Pass, and an east-west trajectory along the southern coast of the estuary where
tidal flow encounters the southern boundary of Mullet Key. Overall, water flows in a counterclockwise
direction during the flood tide, and a clockwise direction during the ebb tide. Causeway construction in the
late 1950s disrupted the natural east-west flow and reduced current velocity within the seagrass beds in the

ix

southern estuary by up to 76%. Following construction of the circulation bridges, velocity in the previously
stagnant seagrass beds increased by up to 226%. Tidal prism analysis revealed that up to 26% of the tidal
prism in the lower half of the bay passes through the bridges during a spring flood-tidal cycle. Thus, the
bridges significantly improved tidal flushing between the estuarine cells; especially the eastern bridge,
which was found to have a larger area of influence than the western bridge. The differential frictional and
geometric characteristics of the dredged channels and seagrass beds were also accounted for in the
numerical model. The linear, mostly north-south trending, and unvegetated dredged channels serve as
conduits that facilitate penetration of tidal currents into the southern reaches of the bay, leading to
significantly higher current velocity in the dredged channels and corresponding reduced velocity over the
adjacent seagrass beds. The channels also allow for more efficient flushing during the ebb tide.

x

CHAPTER ONE:
INTRODUCTION

1.1 Overview of Study
Shallow seagrass-dominated estuaries are among the most productive yet threatened ecosystems
on earth. Seagrasses are considered to be a foundation species; i.e., one whose presence can positively
impact populations of associated species, and improve the overall function and composition of the estuarine
ecosystem (Bertness and Bruno, 2001). They have long been recognized for their role in providing refuge
and nursery for marine organisms (Heck et al., 1997), enhancing water quality (Terrados and Borum, 2004),
cycling nutrients (Flindt et al., 1999), and sequestering atmospheric carbon dioxide (Moki et al., 2020). For
these reasons, seagrass beds often support population densities several times larger than adjacent
unvegetated areas (Van Katwijk, et al., 2016, Heck et al., 1997). In addition to providing these services,
seagrasses also attenuate wave energy and reduce sediment resuspension (Hansen and Reidenbach, 2012),
which together contribute to an estuary’s ability to resist the erosive effects of wave action and storm surges.
Their unique capacity for self-recovery makes them a valuable tool for buffering coastlines against the
effects of erosion (Gracia et al., 2018), which are likely to accelerate in coming decades as a result of rising
sea levels associated with warming climate conditions.
Global seagrass populations have declined precipitously in recent decades from the cumulative
impacts of multiple anthropogenic stressors. Since 1980, seagrass coverage has decreased at a rate of 110
km 2 per year, with rates of decline increasing from a median of 0.9% yr−1 before 1940 to 7% yr−1 since
1990 (Waycott et al., 2008). In Tampa Bay, Florida, an estimated 22,000 acres of seagrasses were lost
during a period of rapid coastal development between the 1950s and early 1980s. The majority of these
losses are attributed to widespread dredging and filling activities and urbanization -induced eutrophication
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(Morrison and Greeening, 2011). Following these initial losses, however, seagrasses have staged an
impressive comeback due to robust nutrient management activities. Estimated coverage increased by 163
ha per year from 1982 to 1996, and by 408 ha per year from 1999 to 2016 (Sherwood et al., 2017). Despite
the progress that has been made, ongoing work is needed to fully restore the predevelopment coverage and
ecological function of seagrass beds in Tampa Bay.
Hydrodynamic circulation is a critical factor in the restoration of seagrass ecosystems. By virtue of
being tidally influenced systems, estuaries are strongly reliant on hydrological flushing to mediate a variety
of physical, chemical, and biological processes (Walter, R.K. et al., 2018). The rhythmic ebbing and
flooding of tides enriches dissolved oxygen, regulates water temperature, exports detritus and contaminants,
and transports organisms throughout the environment. Seagrasses are particularly sensitive to reductions in
water quality, which are often brought on by nutrient enrichment, and exacerbated by poor circulation
(Morison and Greening, 2011). It is likely that a positive feedback system exists within many estuaries,
where eutrophication-induced seagrass mortality reduces sediment-trapping, leading to mobilization of
sediments into the water column. The increased turbidity attenuates light from reaching seagrasses, which
prevents photosynthesis and causes further mortality (Heide et al., 2011). These effects may be more
pronounced in estuaries with poor circulation, where temperature loading and hypoxia of the water column
add additional stress. Therefore, successful management of water quality in seagrass-dominated estuaries
is a two-fold process involving: 1) robust nutrient management strategies specifically aimed at curtailing
nitrogen loads (Sherwood et al., 2017), and 2) restoration of hydrodynamic circulation.
The construction of large-scale infrastructure in Tampa Bay between the 1950s and 1980s, such as
earthen causeways and dredged shipping channels, altered circuitous circulation patterns and reduced the
overall water quality and ecological health of many seagrass beds (Goodwin, 1987). These effects were
amplified in slack areas near the estuarine termini, where hydrological connectivity to tidal inlets is
naturally restricted. This region of estuaries is often subject to intense anthropogenic alterations due to its
close proximity to land. In many cases, these alterations have been in place for so long that it is difficult to
recognize that these areas once functioned as estuarine habitat (NOAA, 2010). Previous studies have
2

documented the individual effects of earthen causeways (Linville, 2007), dredged channels (Zervas, 1993),
and shallow seagrass beds (Hansen and Reidnbach, 2012) on hydrodynamic circulation. However, our
current understanding of the synergistic effects of these three factors is limited. In order to develop more
conscious, future-oriented estuarine rehabilitation strategies, a better understanding of these coupling
effects is critical.
Fort DeSoto Bay, is a shallow estuarine water body located landward of Mullet Key that is home
to the largest and most expansive seagrass beds in all of Tampa Bay (Tomasko, 2000). The area has become
the focus of numerous environmental restoration efforts due to its ecological and recreational importance
(TBEP, 2020). A series of poorly planned infrastructure projects in the late 1950s upset the delicate balance
between hydrodynamics, water quality, and ecosystem function. Recent projects have successfully restored
tidal flow in poorly circulated regions of the bay, ameliorated water quality stress, and restored seagrass
ecosystems, yet additional work may be needed to address persistent water quality issues (SWFMD 2018,
Fehrmann 2005, NOAA 2010). Given its history of hydrological alterations, including recent projects to
improve circulation, Fort DeSoto Bay provides an insightful case study to examine the various natural and
anthropogenic factors influencing tidal driven circulation within the terminus of an estuary.

1.2 Objectives
The purpose of this study is to evaluate the influence of dredged channels, causeways, tidal bridges,
and seagrass beds on circulation patterns in a heavily modified Floridian estuary, Fort DeSoto Bay, using a
calibrated and verified numerical model, the Coastal Modeling System (CMS) developed by the US Army
Corps of Engineers (USACE) (Reed et al, 2011). The CMS-Flow model, and numerical modeling in
general, allow for the manipulation of environmental conditions, such as depth and friction , thus providing
a powerful tool for simulating the hydrodynamic response of future restoration efforts, such as tidal bridge
construction or dredged channel filling. This circulation study is part of a larger project overseen by the
Tampa Bay Estuary Program (TBEP) to monitor and assess water quality and marine habitat changes over
a three-year period post-construction of two tidal bridges intalled along causeways at Fort DeSoto Bay.
3

In order to determine the relative importance of natural and anthropogenic factors on circulation
patterns, a series of simulated scenarios were constructed within the numerical model, and compared with
the baseline scenario, i.e. the existing circulation regime. To create the baseline scenario and to calibrate
and validate the numerical model, field data were collected in-situ over a four-week period from August 8,
2019 to September 18, 2019 (two spring-neap cycles) to measure flow velocities at the two bridge openings,
as well as tide-level fluctuations at strategic locations within the bay. Bathymetry data were also collected
to ensure that the model captured up-to-date and accurate water depth. The bathymetry and tide-level data
were used to construct and drive the model, while the flow velocity data were used to validate the model’s
computational precision. An additional baseline scenario was created using historical 1943 imagery to
reconstruct the natural circulation regimes that existed prior to dredging and filling activities.

1.3 Estuarine Hydrodynamic Processes
Estuaries are defined as semi-enclosed coastal water bodies that are freely connected to the open
ocean, and measurably diluted with fresh water derived from land drainage (Pritchard, 1967). Classification
systems are typically based on the degree of mixing of freshwater and saltwater, and the resulting angle of
the isohaline profile. The most commonly used classification system was presented by Dyer (1986), which
recognized salt wedge, partially mixed, and well-mixed estuaries, as shown in Figure 1. Salt-wedge
estuaries are highly stratified systems characterized by high river discharge. Because freshwater is less
dense than saltwater, it floats atop the seawater and creates a lens that tapers seaward (Hardisty, 2007). In
partially mixed estuaries, salt and freshwater are mixed at all depths, but the bottom layers are more saline
than the upper layers. Finally, well mixed estuaries exhibit complete mixing of fresh and saltwater, leading
to a uniform vertical fluid density (Hardisty, 2007). Given its relatively small freshwater inputs and low
tidal range, Tampa Bay is considered a partially to well-mixed estuary with a mostly homogenous vertical
salinity profile that occasionally exhibits vertical stratification during periods of high freshwater inflow
(Weisberg and Zheng, 2005).
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Figure 1. Oceanographic classification of estuaries based on relative mixing of freshwater and saltwater, and
resulting angle of isohaline profile (adapted from Daborn and Redden, 2016).

Circulation in well-mixed estuaries, such as Tampa Bay, is driven by a combination of baroclinic
and barotropic pressure gradients, wind, basin topography, and frictional forces (Fugate and Jose, 2019).
Current velocity is strongly controlled by bottom friction, which resists the momentum of tidal flow (Kumar
and Balaji, 2015). The degree of friction is a function of both the depth of the water and the roughness of
the seafloor. Kumar and Balaji (2015) described how friction values increase with a decrease in water depth
from offshore regions (Figure 2), causing a distortion of tidal waves entering shallow bays and estuaries
(Dronkers, 1986). Because estuaries have landward decreasing depth, incoming “flood” tides are subject to
greater friction than outgoing “ebb” tides. This results in asymmetric tides in many estuaries, wherein the
velocity magnitude of ebbing tides, and therefore transport of sediments, is considerably larger than
5

flooding tides. Ebb-flood asymmetry contributes to a net seaward sediment flux that transports material
great distances in a seaward direction (Dronkers, 1986).

Figure 2. Inverse relationship between water depth and friction coefficient
(Adapted from Kumar and Balaji, 2015)

Circulation is directly related to residence time, i.e. the average time particles take escape an estuary
(Sheldon and Alber, 2002), which is an important factor in determining an estuary’s resilience to
anthropogenic stress. Wolanksi and Elliot (2015) recognized that estuaries with longer residences times
often exhibit higher temperatures, lower dissolved oxygen levels, higher turbidity, and greater retention of
contaminants than those with shorter residence times. Circulation studies in Ise Bay, Japan showed that
residence times as low as 50 days resulted in oxygen depletion (Fujiwara et al., 2001). The residence time
of Tampa Bay is up to approximately 100 days (Weisberg and Zheng, 2006); therefore, a high potential
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exists for contaminant retention, eutrophication, temperature loading, and oxygen depletion in Tampa Bay,
especially in low-inflow areas near the estuarine terminus.
1.3.1 Hydrodynamic Influence of Seagrass Beds
An important factor controlling hydrodynamic and sedimentological processes in Tampa Bay is
friction associated with submerged aquatic vegetation (SAV). When tidal currents encounter a shallow
seagrass meadow, a drag force is imparted on the flow field, and a velocity gradient develops in the water
column. Flow attenuation increases sediment accumulation and reduces resuspension , thereby reducing
water turbidity and improving water quality (Hansen and Reidenbach, 2012). Furthermore, the ability of
seagrasses to reduce wave heights and stabilize sediments makes them an important coastal erosion defense
strategy that may be preferable to conventionally used “hard-engineering” approaches, such as seawalls
and breakwaters (Gracia et al., 2017).
Several seagrass canopy characteristics control the degree of flow retardance, including shoot
density, canopy height, meadow length, leaf length, water depth, and blade stiffness (Figure 2) (Twomey
et al. 2020). A comparison of three common tropical seagrass species (Thalassia testudinum, Halodule
wrightii, and Syringodium filiforme) by Fonseca and Fisher (1986) found that T. testudinum, a species that
dominates in Tampa Bay, exhibits the greatest friction and sediment stabilizing qualities. Therefore, the
widespread loss of T. testudinum in Tampa Bay due to water quality impairment, dredging, and propeller
scarring may have significantly modified hydrodynamics and sedimentation processes (Hansen and
Reidnbach, 2012). Thus, prioritizing ongoing seagrass conservation is essential to buffering Tampa Bay
against the threats of rising sea levels and accelerating coastal erosion.
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Figure 3. Seagrass wave attenuation. Increases in canopy height, shoot density, blade thickness, and meadow length
increase wave attenuation and sediment trapping (Adapted from Twomey et al. 2020)

1.3.2 Hydrodynamics and Seagrass Health
Seagrasses favor shallow environments with adequate light penetration, high oxygen levels, and
moderate temperatures (Terrados and Borum, 2004). Because these three parameters are mediated by
estuarine residence time, restoration efforts that promote hydrologic exchange in poorly circulated areas
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are likely to be effective. In areas with reduced water flow, a thick diffuse boundary layer (DBL) can form
above the leaf surface that reduces the transfer of carbon and ammonium to the plant surface and slows
photosynthesis (Figures 4 and 5) (Cornelisen and Thomas, 2006). When flow velocities fall below a certain
threshold, reduced porewater advection and organic matter accumulation can lead to increased sulfide levels
in estuarine sediments, and increased oxygen demand in the roots of seagrass (Koch, 2001). Numerous
studies have documented the effect of reduced circulation on seagrass health, including Walter et al., (2018)
who investigated eelgrass collapse in Morro Bay, California, and found that back-bay waters with longer
residence times were often associated with seagrass mortality. Waters in these areas were more turbid, less
oxygenated, warmer, and more saline when compared with better flushed regions of the bay.

Figure 4. Relationship between flow velocity and diffusion of nutrients to leaf blade
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Figure 5. Relationship between current velocity and shear stress and uptake of ammonium and nitrate by a
community of Thalassia testudinum (From Cornelison and Thomas, 2006)

It is worth acknowledging, however, that excessively rapid current velocities can be harmful to
submerged vegetation and associated epiphytes. In high-flow environments, mobilized sediments reduce
light availability, while decreased residence times restrict contact between SAV leaves and dissolved
nutrients. Currents can cause leaf blades to self-shade, which reduces rates of photosynthesis (Koch, 2001).
The effects of current velocity and wave exposure on seagrasses was documented by Fonseca and Bell
(1998). Their findings suggested that the shape, size, biomass, and shoot density of seagrass beds are all
influenced by hydrodynamic forces. Furthermore, tidal currents in excess of ~0.25 m/s were shown to create
shifting substrates that are unfavorable for plant growth. In general, estuaries exhibit relatively slow
currents and are conducive to seagrass success. However, in areas where flow has become constricted to a
small cross-sectional area, such as tidal inlets, bridge openings, or dredged channels, rapid current velocities
may preclude the establishment of seagrasses. Therefore, estuaries with moderate energy regimes and
adequate flushing are the most conducive for seagrass growth (Morison and Greening, 2011).
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1.3.3 Hydrodynamics and Ecosystem Function
The physiochemical stress associated with poor circulation has also been linked with reductions in
benthic biomass, fish, and zooplankton. Obolewski et al. (2018) underscored how disruptions in sea water
inflow in the Jamno Lagoon resulted in increases in total dissolved solids and NH₄⁺, triggering a 60%
reduction in macrozoobenthic biomass. Hydrodynamics also play an important role in the dispersal of
planktonic larvae, which have an inherently low swimming capacity. In well circulated estuaries, larvae
suspended in the water column are exported from spawning populations to nearby substrate. This movement
helps to partition resources, reduce competition, and promote gene flow (Ellien et al., 2004). The
construction of physical barriers, such as causeways, can reduce reproductive success and negatively affect
zooplanktonic population dynamics.
Estuarine plant species also take advantage of tidal currents for reproduction. For example,
mangroves utilize viviparous reproduction, where seedlings germinate and develop while still attached to
the parent plant. Once matured, the seedlings detach from the parent plant and are transported great
distances by tidal currents before attaching and propagating (Heminga and Duarte, 2000). As such, adequate
tidal energy and hydrologic connectivity are important for maintaining vegetative distribution. Mangroves
and their associated fauna are also vulnerable to changes in dissolved oxygen, temperature, salinity, and
contaminant build-up triggered by altered hydrologic conditions. This point was illustrated by Stephen
(1983), who found that reduced tidal inflow to mangrove forests associated with dredging and filling
activities in Naples Florida led to changes in nutrient dynamics and colonization by exotic vegetation,
including Brazilian pepper (Schinus terebinthifolius) and Australian pine (Casarina equisetifolia).
1.3.4 Outwelling
The estuarine environment is a transition zone between freshwater and marine environments, and
is characterized by a variety of microhabitats that vary both vertically, laterally, and temporally. Energy
exchange across these various ecotones is driven by tidal currents, which transport organic-rich detritus
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vast distances (Wolanski and Elliot, 2015). Given their exceptionally high rates of primary productivity,
estuaries often produce a surplus of organic matter that must be exported by tidal currents to marine
environments. This detritus serves as a critical energy subsidy for marine intertidal foodwebs that lack
attached macrophytes (Figure 6). The accumulated seagrass wrack on many beaches in Florida acts as the
base of the food-chain, supporting a community of detritus feeders, i.e. amphipods, isopods, and insects,
which in turn become prey for higher trophic levels. The material that is not eaten directly by herbivores is
decomposed by bacteria, releasing large quantities of nutrients that support interstitial fauna (McLachlan
and Brown, 2006).
The rate of primary productivity, strength of tidal currents, and tidal range are important factors in
controlling the volume of detritus exported from estuaries (Heminga and Duarte, 2000). An estuary’s
residence also plays a significant role in tidal export, with estuaries with shorter residence times
contributing to higher rates of detrital flushing than those with longer residence times. In extreme cases,
blades of T. testudinum were found off the coast of North Carolina, nearly 1,000 km from their source
(Zieman and Zieman, 1989). Although the outwelling of seagrasses in Tampa Bay has not been studied
directly, it is reasonable to assume that this process plays a central role in cross-boundary ecosystem
connectivity. These important processes have the potential to be upset by engineering activities that alter
estuarine hydrodynamics.
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Figure 6. Outwelling of detritus from estuarine to marine foodwebs. Plant material derived from estuarine primary
productivity is exported to marine environments, where it serves as an auxiliary energy source for intertidal and
marine food webs.

In summary, hydrodynamic circulation influences a variety of important estuarine processes, such
as regulating dissolved oxygen levels, moderating temperature, transporting organisms, cycling nutrients,
flushing contaminants, reducing water turbidity, and facilitating energy flows. Excessively high or low
current velocities can affect the survivorship and distribution of seagrass beds and mangrove forests. These
factors, in turn, can influence the health of benthic invertebrates that utilize seagrasses for shelter, food, and
reproduction. For these reasons, anthropogenic activities that alter the physical environment, such as
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dredging or causeway construction, should carefully consider the potential hydrodynamic and water quality
implications in the planning process. The next section provides a review of the current literature regarding
the influence of physical modifications on estuarine circulation in Tampa Bay. As the following pages
demonstrate, our current understanding of the synergistic effect of causeways, dredged channels, seagrass
beds, and tidal bridges on estuarine circulation is lacking.
1.4 Factors affecting Circulation in Tampa Bay
Like many of Florida’s ecosystems, Tampa Bay has undergone extensive physical modifications to
satisfy the needs of a rapidly growing human population. The majority of these changes occurred during a
period of development in the 1950s and early 1960s, and included the construction of ports, artificial
islands, shipping channels, residential and commercial development, and transportation infrastructure in
nearly every region of the bay (Raabe et al., 2012). In order to source earthen material for causeway
construction, and to create egress points for ships, widespread dredging and filling projects were conducted
that drastically altered the bathymetry of the sea floor, resulting in modified hydrodynamic regimes and
reductions in the overall water quality and ecological health (Goodwin, 1987). These effects were amplified
at naturally low-inflow areas near the estuarine termini, where connectivity to inlets was limited. A second,
but equally important factor that contributed to Tampa Bay’s decline in water quality was an increase in
stormwater runoff, industrial and municipal wastewater discharge, agricultural runoff, and illegal dumping
that occurred contemporaneously to dredging and filling activities (Lewis, et al., 1998). The cumulative
effects of these stressors (i.e. altered hydrology and increased nutrient influx) was severe eutrophication,
seagrass mortality, and loss of mangrove habitat (Morison and Greening, 2011).
1.4.1 Dredging
Dredging ranks among the most common physical alterations that takes place in estuaries. The
geometry of a typical dredged channel is trough-shaped in cross-section, and linear when viewed from
above. During the dredging process, submerged vegetation is permanently removed from the seafloor,
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leaving behind a barren surface with significantly less friction than a vegetated surface. Furthermore,
bottom friction decreases with an increase in water depth (Kumar and Balaji, 2015). Because water follows
the path of least resistance, deeper and unvegetated dredged channels serve as natural conduits for tidal
currents flowing in and out of estuaries, leading to greater velocities within dredged channels when
compared with shallower areas, as shown in Figure 7 (Zervas, 1993).

Figure 7. Flow characteristics for channelized vs. uniform bathymetry.

An examination of the effects of dredged channels on residual current in Tampa Bay by Meyers, et
al. (2013) revealed that channel deepening increased the magnitude of residual circulation, allowing for
deeper penetration of salt water into the upper reaches of Tampa Bay. Similar results were found by Linville
(2007), who underscored how tidal flows are funneled into Tampa Bay at dept h through dredged channels,
resulting in stronger velocities in the channels. Other studies have shown dredged channels to produce a
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reduction, rather than an increase in current velocities. For example, dredging activities in the Patos Lagoon
estuary in Southern Brazil caused a 23.3% reduction in current velocity, likely owing to the fact that the
channels in this study were unusually deep (up to 22 m), which substantially increased the cross-sectional
area (Martelo et al., 2019). Thus, the hydrodynamic effects of dredged channels depend on a variety of
factors, including the geometry and location of the channels, the existing seafloor bathymetry, and the
extent of vertical mixing in the estuary.
In addition to linear dredged channels, approximately 40 dredged holes were dug throughout
Tampa Bay to source fill material for coastal developments projects, such as the “finger fill” residential
developments that fringe many areas of Boca Ciega Bay (Lewis, 1976, Raulerson et al., 2019). Unlike the
linear dredged channels, dredged holes lack hydrologic connectivity with other conduits such as a tidal
inlets or an existing channel, and therefore are prone to stagnation. Dredged holes often develop a stratified
water column and hypoxic bottom conditions that stress benthic macroinvertebrate communities, and in
turn, the demersal and benthic fish feeding on that community (Raulerson et al., 2019, Erftemeijer, and
Lewis, 2006, McLusky and Elliot, 2004). Reduced current velocities within dredged holes facilitate the
deposition of finer grained sediments with elevated levels of anthropogenic contaminants, such as heavy
metals, organohalogens, petrochemicals, hydrocarbons, and pesticides (McLusky and Elliot, 2004). A 2019
dredged hole synthesis report by the Tampa Bay Estuary Program (TBEP) identified four dredged holes
that are recommended for either complete or partial filling to improve water quality and restore seagrass
habitat (Raulerson et al., 2019). One of these dredged holes is located in the Fort DeSoto Bay, which will
be discussed in greater detail in subsequent sections.
1.4.2 Causeways
Earthen causeways play an equally important role in Tampa Bay’s circulation and transport patterns
by obstructing the flow of tidal currents. Numerous studies have linked the construction of physical barriers
in estuaries with altered sedimentation patterns, decreased tidal prism, reduced hydrologic connectivity,
longer residence times, and increased flooding risk. For instance, a causeway built at the confluence of the
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Avon River with the Bay of Fundy caused a 6.3% reduction in tidal prism, and accumulation of a 6 m thick
layer of sediment downstream of the causeway (Proosdij et al., 2009). A similar study by McAlice and
Jager (1983) showed that causeway removal in the Sheepscot River Estuary, Maine led to a 50% increase
in tidal flows, a 2.8 m increase in tidal range, and a reduction in salinity stratification.
Large-scale infrastructure in Tampa Bay, such as the Sunshine Skyway Bridge (SSB) and its
associated causeway, the Howard Franklin Bridge and its associated causeway, and the Courtney Campbell
Causeway (CCC) have been linked with longer residence times (~ 90 days). Circulation is especially
restricted in Old Tampa Bay, where particles become trapped between the CCC and Howard Franklin
Bridge (HFB) (Linville, 2007). A transport time study for Tampa Bay conducted by Burwell et al. (2001)
found that areas restricted by causeways had residence times in excess of 140 days, while areas adjacent to
channels were on the order of 10 to 20 days or less. Figure 8 illustrates the obstruction of tidal currents and
resulting increase in residence time caused by the CCC.
Invasive macro-algae, such as Caulerpa prolifera have rapidly replaced seagrasses in disturbed and
poorly circulated regions adjacent to causeways, particularly in Old Tampa Bay. Caulerpa are able to spread
laterally and form dense canopies that make it difficult for native shoal grass (Halodule writii) to acquire
light (Stafford and Bell, 2006). Between 2018 and 2020, SWFWMD (2021) reported a 13% decrease in
seagrasses in Old Tampa Bay between the CCC and HFB, where residence exceed 140 days. Quadrat
surveys showed that rooted Caulerpa had colonized these areas and outcompeted native Halodule.
Causeways also fragment habitat connectivity and restrict the dispersal of estuarine organisms, such as fish
and planktonic larvae. Valentine-Rose et al. (2007) reported that fragmentation of tidal creeks in the
Bahamas significantly reduced species richness, population density, and size class of fish species. They
posited that reduced food quality and quantity and higher salinity likely contributed the reductions in
biodiversity.
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Figure 8. Visualization of tidal obstruction from the Courtney Campbell Causeway.

1.4.3 Flow Restoration
The hydrodynamic and ecological effects of causeways can be mitigated by installing tidal bridges,
viaducts, or culverts to facilitate hydrologic exchange and improve habitat quality in poorly circulated areas.
Pickering et al. (2018) observed that estuarine areas in the vicinity of bridges or viaducts exhibit more
natural flow regimes when compared to areas with impermeable stretches of road, while Brockmeyer et al.
(1997) and Rose (2007) showed that the restoration of hydrological connectivity with culverts can improve
water quality, increase fish production, and restore salt-tolerant vegetation in degraded areas. Culverts and
tidal bridges have become an increasingly common restoration practice in Florida. For example, the opening
of culverts to restore connectivity to mosquito impoundments in the Indian River Lagoon, Florida led to
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rapid recovery of fish and zooplankton communities and improvements in water quality (Brockmeyer,
1997).
A return to more natural circulation regimes may also be achieved by backfilling and revegetating
dredged holes or channels with native seagrasses, as the creation of seagrass beds has been shown to
attenuate wave energy and reduce sediment resuspension (Hansen and Reidenbach, 2012). Moreover,
because dredge holes and channels can serve as sinks for anthropogenic contaminants, such as pesticides
and heavy metals, filling and revegetating these areas may also enhance water quality and improve
ecological health. Following backfilling of two dredged channels in coastal wetlands Near New Orleans,
Louisiana, marsh vegetation returned to 65% of the formerly dredged sites (Baustian et al., 2008). Although
backfilling is seldom used as a restoration strategy in Floridian estuaries, it has the potential to drastically
improve hydrodynamics and water quality, especially when used in conjunction with other measures, such
as the construction of tidal bridges on causeways.
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CHAPTER TWO:
STUDY AREA

2.1 Natural Setting
The Fort DeSoto Park Aquatic Habitat Management Area is a shallow estuarine water body located
landward of Mullet Key at the mouth of Tampa Bay in west -central Florida that provides sanctuary to a
variety of seagrass and mangrove species (Figure 9). The embayment is the southern-most extension of
Boca Ciega Bay (Figure 10), a 91 km 2 shallow estuary containing nearly 36 km 2 of seagrass beds (Burnes
et al., 2011). As shown in Figure 7, the largest island comprising the Fort DeSoto complex is Mullet Key,
a right-angle barrier island that is bounded to the west by the Gulf of Mexico (GOM), to the north by Bunces
Pass and Shell Key, and to the south by Egmont Channel (the main entrance to Tampa Bay). In addition to
Mullet Key, the estuary contains four small mangrove islands: Madelaine Key, St. Christopher Key, St.
Jean Key, and Bonne Fortune Key (Figure 11), which together comprise more than 1100 acres with over 6
miles of shoreline (Collins, et al., 2014). Mullet Key is part of a larger chain of 30 barrier islands spanning
nearly 300 km along the West Central Florida Coast (Westfall, 2018). These islands generally formed
between 4,000 and 6,000 years ago during the Late Holocene, when sea levels stabilized following the last
ice age and allowed for the formation of modern-day estuaries and barrier islands (Davis, 1994). Barrier
islands play a critical role in buffering against the erosive effects of storm surges that routinely strike the
Florida coastline.
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Figure 9: Study area map
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Figure 10: Tampa Bay overview map (Kaufman, 2011).

22

Figure 11. The five keys of Fort DeSoto Park: Mullet Key, St. Jean Key, St. Christopher Key, Madelaine Key, and
Bonne Fortune Key

2.1.1 Geologic Setting
Mullet key is a rather unusual hook-shaped barrier island that is shaped by a combination of wave
and tidal forces (Davis, 1994). Both Egmont channel to the south and Bunces Pass to the north are tidedominated inlets with large volumes of tidal influx/outflux. Mullet Key’s unusual right-angle morphology
(as illustrated in Figure 12) is a result of strong ebb flows through Egmont Channel causing sediment to
accumulate along the channel margin linear bar (Sandoval, 2015). The 4.5 km Gulf-facing side of Mullet
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Key protects Fort DeSoto Bay from storm surges and wave action, while the 4.9 km inlet-facing side
protects from tidal currents. The unique right angle morphology shelters the13 km 2 low-energy bay
landward of Mullet Key, allowing for the development of the most extensive seagrass beds and mangrove
forests in all of Tampa Bay (Tomasko, 2000). Tidal connectivity to the Gulf of Mexico is maintained via
Bunces Pass to the north, and Tampa Bay to the east.

Figure 12. Three right angle barrier islands along the west-central coast of Florida (Davis, 2006)

2.1.2 Ecological Setting
Fort DeSoto Park is an important ecological sanctuary with a high conservation value. The park is
home to wide variety of natural habitats, including seagrass beds, palm hammocks, wetlands, mangrove
forests, tidal creeks, and expansive dune fields. Together, these areas provide important habitat for a wide
diversity of wildlife, including over 328 species of birds that utilize the island as a stepping stone during
their annual migrations (Pinellas County, n.d.). Many of the island’s resident and transient bird species are
listed as threatened under the Endangered Species Act, including piping plover (Charadrius melodus) and
wood stork (Mycteria americana). The USFWS has designated the northern end of the island as critical
habitat for piping plover. The island also provides habitat for a number of listed plant species, including
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Florida golden aster (Chrysopsis floridana), sand-dune spurge (Chamaesyce cumulicola), and wild cotton
(Gossypium hirsutum).
The National Marine Fisheries Service (NMFS) has designated the waters in Fort DeSoto as
Essential Fish Habitat for 27 fish, crab, and shrimp species, including red drum (Sciaenops ocellatus), pink
shrimp (Penaeus duorarum), and gray snapper (Lutijanus griseus) (URS Corporation, 2011). The dense
seagrass beds also provide foraging habitat for west Indian manatee (Trichechus manatus manatus). Given
its high ecological and recreational value, Fort DeSoto has become the focus of numerous environmental
restoration efforts. Recent projects have included seagrass and mangrove plant ings, dune revegetation,
water quality enhancement, oyster bar creation, invasive species removal, and prescribed fires to name a
few (TBEP, 2020). The island is also frequently used for educational purposes due to its rich biodiversity,
history, and geological complexity.

2.2 History of Human Settlement
Fort DeSoto Park has an extensive history of human occupation dating back over 1,000 years, when
the island was occupied by native groups who flourished on the fish and shellfish available in Tampa Bay.
In the centuries following, changing land-use patterns, environmental conditions, and socio-political factors
precipitated several significant shifts is human occupation on the island. The island’s archaeological history
can be divided into the following four periods:
•

Pre-Columbian period (900 – 1,500 A.D.)

•

European invasion (1,500 – 1,600 A.D.)

•

U.S. military occupation (1898 – 1923)

•

Conversion to public use (1963 – present)

2.2.1 Pre-Columbian Period
Mullet Key’s first inhabitants belonged to the Safety Harbor culture, a pre-Columbian
archaeological group that flourished in Pinellas county from approximately A.D. 900 to 1,700. Although
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the Safety Harbor range extended to Charlotte Harbor in the south and the Withlacoochee River in the north,
population concentrations were greatest in the Tampa Bay area (Han, 2003). The group most often
associated with the Safety Harbor culture is the Tocabaga Indians, who created villages with large
pyramidal mounds, huts, sprawling village plazas, and complex social-political structures (Pinellas County,
2008; Milanich & Hudson, 1993). The Tocabaga were well adapted for life in coastal environments, eating
mostly a seafood-based diet consisting of shellfish caught from the estuary. They were also skilled archers
that would use arrows tipped with fish bones to hunt land mammals, such as deer and raccoons (Milanich
& Hudson, 1993). Many Safety Harbor sites contained massive middens of discarded oyster shells
harvested from the bay, many of which still exist today. From 900 A.D. to 1,500 A.D, the barrier islands
surrounding Tampa Bay were believed to be occupied by the Tocabaga Indians. Shell mounds on Madelaine
Key, Sand Key, Mullet Key, and Pinellas Point suggest that the island of Fort De Soto harbored a sizable
population (Countywide Cultural Resource Study, 2008). However, due to storm surges, wave action, and
erosional process, physical evidence of the Tocabaga on Fort De Soto has not been well preserved (K.
Jackson, personal communication, November 15, 2020).
2.2.2 European Invasion
In 1539, an expedition led by Hernando De Soto landed near the south shores of Tampa Bay,
marking the beginning of the European conquest of Tampa Bay. Initial Spanish expeditions to were
motivated in large part by the search for gold and silver, while subsequent surveys were conducted to assess
the area's timber resources. Despite their considerable regional political power, the arrival of De Soto's
expedition spelled disaster for the Tocabaga. Being among the first Floridian groups to undergo direct
contact with Europeans, the Tocabaga were highly susceptible to European diseases, which they had no
immunity to. Many fell ill, while others were forcibly enslaved by De Soto's army during the initial
conquest.
The Spaniards, however, were unable to learn how to utilize the land without farming it. De Soto's
expedition brought over 300 domestic swine as food rations, which ultimately proved to be insufficient to
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sustain their voyage. Many hogs escaped enclosures, or were otherwise abandoned, leading to the
establishment of invasive hog populations that persist in the southeast to this day (Mississippi Wildlife,
n.d.). DeSoto eventually abandoned his camp in Tampa and marched north, where he succumbed to Yellow
Fever, and eventually died in 1542 (Pinellas County, 2008). Over the course of the ensuing decades, the
perils of disease, enslavement, and colonial warfare led to complete destruction of the Tocabaga (Milanich,
1995).
2.2.3 U.S. Military Occupation
Recorded history at Fort De Soto began in February of 1849, when a U.S. Army Engineers vessel
led by Colonel Robert E. Lee landed on Mullet key and began surveying the coastline for possible use as
military defense (Fort De Soto Historic Guide, n.d.). Given its location at the mouth of Tampa Bay, Mullet
Key serves as an excellent strategic point for coastal defense. Shortly after initial surveys, Egmont Key and
Mullet Key were selected for military fortifications, at which point an executive order was codified that
would restrict use of the island for residential or commercial development (Addeo and Moore, 1990). In
1898 during the outbreak of the Spanish-American war, the U.S. military began developing a military post
at the southwest tip of Mullet Key, complete with a 275-foot wharf, mess halls, and worker's quarters. In
May of 1900, crews finished construction of the eight-mortar battery, which would soon come to be known
as Battery Laidley. The soldiers stationed at Battery Laidley were subject to extreme discomforts, including
dehydration, heat exhaustion, and mosquitoes, which eventually led to both batteries being abandoned in
1923 (Addeo, 1990; Fort De Soto Historic Guide, n.d.; Fort De Soto Quartermaster Museum Exhibit, n.d.).
Battery Laidley still stands to this day, and is protected from coastal erosion by a 1,500-foot seawall, 300foot jetty, and frequent beach nourishment projects.
2.2.4 Conversion to Public Use
Following abandonment of Fort De Soto by the U.S. military in 1923, ownership of Mullet Key
changed hands several times, first being sold to the Pinellas County Board of Com missioners in 1938, and
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then back to the federal government in 1941 for use as bombing range during World War II. In 1933, a
large-scale mosquito eradication project was initiated by the Public Health Service, which successfully
eradicated mosquitoes from the southwestern tip of the island. Mullet Key was then purchased by Pinellas
County on August 11, 1948, and immediately opened to the public as a recreational area (Fort De Soto
Park, n.d.; Addeo et al, 1990).
Shortly thereafter, construction commenced on a 6.5-mile causeway to provide vehicle access to
the barrier island. The land bridge would connect the islands of Madelaine Key, St. Christopher Key, St.
Jean Key, and Mullet Key. A secondary causeway was constructed to abridge Mullet Key with Bonne
Fortune Key to allow for the creation of staff quarters. The causeways were completed in 1962, and Fort
De Soto Park was officially dedicated the following year. To accommodate the high volumes of visitors,
Pinellas County began installing a variety of urban infrastructure that would permanently alter the
landscape, including seven parking lots, 15 picnic shelters, 3 playgrounds, 4 concession areas, 12 restrooms,
and a boat ramp with a 300-car capacity (Fort De Soto Park and Brochure Map, n.d.).
2.3 Bathymetric Alterations
2.2.1 Causeways and Dredged Channels
As mentioned above, a pair of causeways were built in the estuary between 1951 and 1962 to
connect Mullet Key to the mainland. The main causeway (CW1) leading to the island is the Pinellas Bayway
(State Route [SR] 679), a 10 km road that connects Tierra Verde and Fort DeSoto to the mainland (Figure
13). A smaller 0.7 km causeway (CW2) was constructed parallel to CW1 to connect Bonne Fortune Key to
Mullet Key. This causeway provides vehicle access to a maintenance yard, and is off-limits to the public.
Finally, a 0.2 km causeway (CW3) was constructed to connect St. Jean Key to St. Christopher Key to
provide vehicle access to the Fort DeSoto Campground. In addition to the causeways, a network of linear
dredge channels and deeper dredge holes were dug to source fill material for constructing the causeways
(Raulerson et al., 2019). The largest dredged channel (DC1) is approximately 3.5 m deep, and stretches
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across 2.5 km of the bay between CW1 and CW2. A second channel (DC2) was dredged to the west of
CW1, and connects Bunces Pass with the southwest portion of the bay. DC2 is approximately 2.6 m deep.
Finally, a 4.1 m deep dredged hole (DH1) was dug in the southwest corner of the bay.

Figure 13. Bathymetric alterations at Fort DeSoto Bay

2.3.2 Water Quality Implications
The combination of dredging and filling altered the bathymetric and frictional characteristics of the
sea floor, resulting in changes to circuitous circulation patterns and impaired water quality. All three
causeways crossed regions of the bay that were previously open water. With no culverts to maintain
hydrologic connectivity, historical circulation patterns were blocked, and dead-ends were created where
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water could no longer flow (SWFWMD, 2018). These effects were most severe in the southern terminus of
the estuary, where hydrological connectivity with Bunces Pass is naturally limited. In these regions, the
southernmost sections of the causeways connecting St Jean Key an d Bonne Fortune Key with Mullet Key
disrupted the natural east-west flood-tide pattern, causing water to merely fill the lower bay, then slowly
empty with the ebbing tide (SWFWMD, 2008). The stagnation of water led to elevated summer water
temperatures of up to 106° F, high levels of sediment hydrogen sulfide (H2S), and reduced dissolved oxygen
levels, causing severe seagrass stress and blade necrosis (SWFMD 2018, Fehrmann 2005, NOAA 2010).
Rather than contributing to seasonal uptake of nutrients and sediment trapping, the decaying seagrass
became a source of pollutants (SWFMD, 2008). Water quality issues were exacerbated in the deeper, poorly
flushed dredged holes. These areas developed anoxic bottom layers leading to stress of benthic
macroinvertebrate communities. An estimated 1,000 acres of seagrass, mangrove, and soft bottom habitat
was negatively impacted (Craig, et al., 2010).

2.3.3 Propellor Scarring
In addition to dredging and filling activities, propellor scarring from commercial and recreational
fisherman, jet skis, and recreational boaters have altered the seafloor topography and seagrass coverage in
the bay. Propellor scars have been linked with increased sediment resuspension, fragmentation of seagrass
patches, and changes in fish and macroinvertebrate abundance. Recovery times vary from 0.9 years to 7.6
years depending on the depth of the scar, although in some cases complete recovery may take up to 60 years
(NPS, 2008). A comparison of seagrass scarring in Tampa Bay by Clark (1995) showed that Fort DeSoto
had the highest concentration of seagrass damage, likely owing to the presence of the largest boat ramp in
Tampa Bay and overall shallow water particularly during low tide. Furthermore, the dense seagrass beds
support large populations of fish that attract commercial and recreational fisherman year-round.
Clark (1995) noted wide boating trails (≤6 feet-wide) cleared through seagrass beds in several areas
throughout the bay that were likely created by recreational and commercial shrimp trawlers. Other regions
of the bay contain circular scars likely caused by gill netting related to commercial mullet operations. In
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most cases, however, propellor scars are created by inexperienced boaters and jet skiers running aground.
To combat the damaging effects of propellor scarring, a county ordinance was adopted in 1992 that would
use signage to demarcate boating restriction zones/seagrass caution zones, and impose fines and jail time
for anyone violating this ordinance. A 5-year monitoring program showed that signage significantly
reduced that propellor scarring in boat exclusion zones (Ehringer, 1994).

2.4 Hydrologic Restoration
2.4.1 Circulation Bridges
In 2004, a 40-foot clear-span bridge (Bridge 1) was installed on CW1 to assist tidal flushing in the
southern part of the bay in an effort to improve water quality conditions (e.g. temperature, dissolved
oxygen), restore seagrasses, improve fish passage, and improve hydrological connectivity (Figures 15 and
16). The bridge design included 96-foot-wide concrete bulkheads and limestone riprap for channel
stabilization. A non-toxic dispersion dye was used to test tidal flushing through the newly created bridge
opening. Several years of post-construction data were collected to monitor habitat conditions, including
temperature, salinity, dissolved oxygen, seagrass density, epiphyte recovery, and soil H2S. Seagrass quadrat
surveys taken near the bridge opening before and after installation of the new tidal bridge showed that 200
acres of seagrasses were established in areas that were previously barren (Figure 14). Habitat quality
drastically improved as the longer-lived T. testudinum replaced the more ephemeral Halodule wrightii.
(Tampa Bay Estuary Program 2017, NOAA 2010). The recirculation project garnered national awards for
its ecological benefits, including the 2005 Gulf Guardian Award (EPA, 2005).
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Figure 14. Comparison of seagrass coverage before and after Bridge 1 installation (SWFWMD, 2018)

Figure 15. Fort DeSoto entrance road (Bridge 1) plan and profile sheet
(Pinellas County Office of Public Works, 2003)
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Figure 16. Fort DeSoto entrance road (Bridge 1) photographs (Left photo from NOAA, 2010)

The resounding success of the 2004 circulation bridge prompted the construction of a second
circulation bridge on CW2 to restore natural flow patterns in the southeast region of the bay. Phase II of the
project was completed in 2016, and involved installation of a 44-foot clear-spanned bridge on Bonnie
Fortune Key Road in an area of historical tidal connectivity (Figures 17 and 18). Several design elements
were carried over from Bridge 1, such as lining the entire channel with native Florida limestone to minimize
scouring. A post-construction habitat restoration plan was developed to monitor and verify project success,
which included 1) planting of salt-tolerant vegetation in the vicinity of the bridge opening, 2) hydrodynamic
modeling of circulation (this study), 3) three years of seagrass monitoring, 4) two years of benthic sampling,
and 5) three years of water quality monitoring (pH, temperature, dissolved oxygen, chlorophyll, nutrients,
etc.) (Tampa Bay Estuary Program 2017).

33

Figure 17. Fort DeSoto maintenance road plan and elevation sheet
(Pinellas County Department of Environment and Infrastructure, 2014)

Figure 18. Ground view of Bridge 2. The flow measurement was conducted in the middle of the channel directly in
front of the bridge.
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2.4.2 Future Restoration Projects
Despite the success of the recirculation project, additional work is anticipated to address water
quality impairments associated with the dredged holes in the bay. As part of the ongoing restoration efforts,
the Tampa Bay Estuary Program has identified a 14-foot-deep dredge hole in the southwest corner of the
embayment for complete or partial filling to reduce the severity of hypoxia and improve benthic habitat
(Raulerson et al., 2018). Filling and revegetating of dredge holes in this manner has the potential to modify
circulation patterns by reducing cross-sectional area and increasing frictional forces. Therefore, an accurate
understanding of the hydrodynamic effects of these future restoration activities is imperative.
Given its extensive history of physical modifications over the past 60 years, Fort DeSoto serves as
valuable case study for evaluating the synergistic effects of natural and anthropogenic factors on
hydrodynamic circulation. Until now, no detailed modeling studies have been conducted to quantify the
circulation benefits of the two bridge openings, nor to document the coupling effects of dredged channels
and seagrass beds. Numerous shallow estuaries across the world have been altered in similar ways as a
result of urbanization, and many may require similar restoration activities to improve water quality and
habitat conditions. This study will help to demonstrate the efficacy of hydrological restoration as strategy
for rehabilitating estuarine ecosystems that can be used to inform future restoration projects in other areas.
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CHAPTER THREE:
METHODOLOGY

3.1 General Approach
The overall goal of this study is to quantify and visualize circulation responses to various simulated
scenarios in Fort DeSoto Bay using a calibrated and verified numerical model. Field data were collected in
order to construct, calibrate, and verify the numerical model. Data were collected in-situ over a four-week
period from August 8, 2019 to September 18, 2019 (two spring-neap cycles) to measure flow velocities at
the two bridge openings, as well as tide-level fluctuations at strategic locations within the bay. Bathymetry
data were also collected to ensure that the model captured up-to-date and accurate water depth. The
bathymetry and tide-level data were used to construct and drive the model, while the flow velocity data
were used to validate the model’s computational precision. A series of 25 calibration runs were simulated
to determine the frictional characteristics of the dredged channels and seagrass beds, and to generate a
baseline modeling scenario that would later be modified in subsequent modeling runs to determine the
hydrodynamic effects of various bathymetric alterations. Tidal prism analysis was conducted to evaluate
the influence of the bridge openings on large-scale circulation patterns.
A total of 10 scenarios were tested based on both historical and hypothetical configurations with
the goal of understanding the flow response to altered bathymetry, land mass boundaries, and bottom
friction. One scenario utilized historic imagery from 1943 to reconstruct the seafloor t opography and land
mass boundaries predating the installation of causeways and dredged channels. Computed velocity data
was extracted at various locations throughout the bay that were considered to have a high likelihood of
being affected by past and future development/restoration activities. These values were compared across
different scenarios to determine which configuration yielded the greatest circulation benefits, and
conversely, which configuration most restricts circulation.
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3.2 Data Sets
3.2.1 Bathymetry
Accurate representation of water depth within this shallow estuary is crucial to the flow modeling.
Bathymetric data were collected across the entire bay using a boat-mounted precision echo sounder (MBES)
paired with an RTK-GPS system. These data were collected during a previous 2016 Bunces Pass and Passa-Grille inlet management study as shown in Figure 19. Supplementary bathymetry data were collected in
the vicinity of the bridge openings using a Topcon total station and pole-mounted GPS-RTK to ensure that
the numerical model accurately represents water depth under and around the bridges (Figure 21). Since
bathymetry data were collected in the form of survey points, interpolation was conduct ed in CMS-Flow to
create a Digital Elevation Model (DEM) that could be used to construct the model grid (Figure 20).
Furthermore, the recent aerial photo as shown in Figure 15 were used to ensure that the dredged channels
were properly interpreted from the bathymetry data. Some additional points were artificially added in the
vicinity of the dredged channel based on the aerial photos to ensure that the channels were correctly defined.

Figure 19: Dense bathymetric survey coverage.
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Figure 20. Digital Elevation Model (DEM) of the modeling domain,
illustrating the detailed and complex bathymetry of Fort DeSoto Bay

Figure 21. Field collection of bathymetry using a pole-mounted GPS RTK
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3.2.1.1 Predevelopment Bathymetry
To reconstruct the predevelopment bathymetry, a 1943 aerial photo (Figure 22) of the bay was
georeferenced using the “Rectify” feature in ArcMap 10.7.1. To align the 1943 photo with present day
imagery, several control points were added in fixed areas on the map that have not shifted since 1943, such
as the location of stable mangrove islands. The georeferenced image was then exported as a GeoTIFF and
overlain with the modeling grid in CMS-Flow, where it was used to reconfigure the land mass boundaries
to reflect the 1943 layout (Figures 22, 23, and 24). To simulate the absence of dredged channels, the channel
boundaries were digitized and assigned the same depth and friction values as the adjacent seagrass beds.
The same approach was applied in other modeling scenarios to simulate the effects of filling in dredged
channels and deeper dredged holes. Water depth estimations were based on site association from the 1943
aerial photo coupled with the present-day bathymetry of the surrounding areas. This approach may incur
some uncertainty, but given the absence of historical survey data, estimating the bathymetry in this manner
is reasonable.

Figure 22: Fort DeSoto Bay in 1943, before any significant anthropogenic activities
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Figure 23. Side by side comparison of existing conditions (left) and predevelopment conditions (right)

Figure 24: Reconstruction of the 1943 land mass boundaries and bathymetry
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3.2.2 Tide Levels
The numerical model is mainly driven by water-level fluctuations at the seaward boundary.
Therefore, accurate water-level data are essential for the calibration and verification of the numerical model.
Field equipment were installed at five locations within the bay, including at the bridge openings, seaward
boundaries, and landward boundary. Three in-situ water-level sensors (Level TROLL 500) were used for
tide level measurements at locations near the north, east, and west boundaries of the modeling domain
(Figure 25). The strategic locations of the tide gauges at the boundaries of the modeling domain help to
define a workable area for the modeling. By measuring the water-level variations at the modeling
boundaries, as opposed to nesting a small area within a larger regional scale model, we are able to achieve
a more accurate computation of the tidal velocity. This is the reason for the selection of the tidal gauge
locations (Fig. 25).

Figure 25. Locations of water level and current velocity measurements
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Sensors were installed in stilling wells constructed using 6-inch diameter PVC pipes (Figure 26) to
filter out high frequency water-level oscillations induced by wind and waves. The variations in atmospheric
pressure, which may have some influence on the water level measurement, were measured using in-situ
Baro TROLLs, paired with the level TROLLs, also installed within the stilling well. Tide level data was
also collected at the two bridge openings using the water level sensors on-board the Acoustic Doppler
Velocimeters. All the sensors were tested in the lab before field installation.

Figure 26. Installation of stilling well (white PVC pipe in the middle of the picture) tide gage at the north boundary
(tide gauge 3 in Figure 1).

The measured tidal water-level variations at the three tide gauges are shown in Figure 27. As
expected for a small area, quite similar tidal water variations were measured at all three gauges. Two springneap tidal cycles were measured during the first four weeks. The water level variations during the last two
weeks show a modest deviation from the spring-neap cycle that is likely attributable to weather conditions.
As typical of the greater study area, the spring tides tend to by diurnal with a range of nearly 1 m. The neap
tides tend to semi-diurnal with a range of roughly 0.5 m.
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A closer look of the measured tides at the three locations reveals some subtle differences (Figure
28). Tide gauge 3, located further in the bay (away from Bunces Pass, which serves as the main conduit
for water exchange with the Gulf) shows a slightly higher low tide which also lags behind the other two
gauges, while high tides are largely identical both in elevation and phase. This is caused by the friction
associated with a shallow estuary and has been observed in many other estuaries (Kumar and Balaji, 2015).
At higher tides, the deeper water reduced the friction effects resulting in identical tides at all three locations.
At lower tides, the shallower water increases the friction effects resulting in a phase lag at low tide. The
broadly distributed seagrass beds in the study area may further contribute to the differential friction effects
at high and low tides. The field measurements successfully captured this subtle difference.

Figure 27. Measured water level fluctuations over the entire study period at the three tide gauge locations
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Figure 28. Measured water level fluctuations over a 2-day period at the three tide gauge locations.
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Figure 29. Measured atmospheric pressure variations over the entire study period at tide gauges 1 and 2.

3.2.3 Flow Velocity
Measured flow velocities constitute the main data for model calibration and verification. Because
the model outputs flow magnitude within each grid cell, having accurate measured flow velocity in key
locations within the modeling domain is essential for determining the model’s predictive skill. Flow
velocity data were collected at the two bridge openings using Acoustic Doppler Velocimeters (ADVs)
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(Figure 25). Sensors were installed within the channel thalwegs to capture the fastest flow through the
bridge openings. Short-term flow measurements were also conducted at various locations near the
numerical model boundaries using a portable current meter with the goal of identifying any potential major
flow conduit; however, none were identified.
Three Sontek Acoustic Doppler Velocimeters (ADV) were used to measure flow velocities through
the bridges. All the ADVs were calibrated and tested in the lab before field installation. The ADVs were
mounted on aluminum frames that were pounded into the substrate (Figure 30). The rock armor on the
seabed provided some challenges for the installation of ADV frames, which is why the ADVs were installed
in front of, instead of under Bridge 2. Originally, both upward-looking and side-looking Acoustic Doppler
Current Profilers (ADCPs) were proposed for the current measurements. However, the water depth, ranging
mostly from 0.6 to 1.6 m as controlled by tides, was too shallow for applications of ADCPs at both bridges.
Two ADVs, spaced roughly 1 m apart, were installed within the thalweg at Bridge 2 to ensure that the
measured velocities are comparable and accurate. Because the field measurements were conducted during
the summer season, the sensors needed to be cleaned from biofouling approximately every week. A third
ADV was used at Bridge 2 to replace the one being cleaned. At Bridge 1, only one ADV was used due to
the limitations imposed by the rock armor.

Figure 30. Field installation of current meters at Bridge 1.
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Figure 31 illustrates the measured flow velocities through Bridge 1. The peak velocity reached 0.4
m/s during both flooding and ebbing tides. Comparing Figures 31 and 27, the larger tidal range during
spring tides did not result in significantly faster flow through the bridge than during the neap tide. This is
likely related to the fact that spring tides tend to be diurnal while neap tides tend to be semi-diurnal, and
therefore, the rates of rising and falling which drive the flow velocity are not significantly different during
spring and neap tides despite the large tidal range differences. As evident in Figure 21, strong velocities
were measured during the last two weeks as compared to the previous four weeks. This is consistent with
the somewhat abnormal water-level variations measured at the tidal gauges (Figure 27), suggesting that
meteorological conditions can play a significant role in flow velocities.

Figure 31. Flow velocity at Bridge 1
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Figure 32. Flow velocity at Bridge 2. As indicated earlier, two closely spaced ADVs were used at this site. The
measured velocities from the two ADVs are very comparable, which is used here as an indicator that the measured
velocities are accurate. Similar to the case at Bridge 1, faster flow velocities were measured d uring the last two
weeks as likely influenced by meteorological conditions.

3.3 Determination of Modeling Domain
The CMS model has been successfully applied to various barrier-inlet systems along the westcentral Florida coast (Wang et al., 2011; Wang and Beck, 2012; Beck and Wang, 2019; Beck et al., 2020).
As discussed above, the main goal of this study is to investigate the various natural and artificial factors
that influence flow patterns in the shallow Fort DeSoto Bay using a numerical model. The considerations
for defining the size and extent of the modeling grid are twofold: 1) the modeling domain must be large
enough to encompass the entire area of influence for the bridge openings, and 2) the grid cells must be small
enough to provide for adequate spatial resolution of the various features, e.g., the bridge openings and the
dredged channels.
Taking advantage of the field measurement capabilities of USF Coastal Research Lab, this study
adopts the approach of defining model boundary through field measurements, i.e., measuring the waterlevel variations at the model boundary, as opposed to nesting a small area within a larger regional scale
model. This is the reason behind the selection of the tidal gauge locations (Figure 25). In addition to the
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narrow bridges, another limiting factor to the grid size is the numerous dredged pits in the project area, as
apparent from the aerial photo used in Figure 25. It appears, based on the observations from the aerial photo,
that the goal of the dredged pits may have been to source sediment for landfill during the construction of
the causeway. Regardless of the original goal of the dredging, it is reasonable to assume that the oftennarrow dredge channels may serve as channels for water entering or exiting the project area. Therefore,
both the bridge openings and the dredge channels needed to be adequately resolved by the numerical model.
Based on the above considerations, the grid size in the estuary interior was designed to be 8 X 8 m
to ensure that the dredged channels were resolved by at least three computational grid cells. Smaller grid
cells of 2 X 2 m were used in the vicinity of the two bridges where in-situ velocity data were gathered. This
allowed the bridge openings to be represented by roughly 6 computational grids. The CMS model allows
the computation to be conducted over this “telescoping” grid, as shown in Figure 33, which allows for
heighted spatial resolution of key features without compromising the model’s overall efficiency.
Three modeling domains were tested using the measured tidal water levels as the boundary
conditions. The first modeling domain was defined by the locations of the three tidal gauges (Figure 34).
The second modeling domain extended the west boundary beyond the western end of Anderson Blvd.
(Figure 35). The third modeling domain extended the west boundary even further to include a portion of
the water body west of Conception Key (Figure 36). For the 2nd and 3rd modeling domains, tides measured
at gauge 1 were still used as the west boundary condition. The model domain #2 and #3 yielded considerably
lower flow velocities at the two bridges as compared to the measured values. The difference is particularly
large for model domain #3. Modeling domain #1, which used the directly measured boundary conditions
yielded the most accurate flow velocities at the two bridges, and was therefore used in the calibration and
verification runs discussed in the following sections.
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Figure 33. The telescoping grid used in the numerical modeling. The 2 X 2 m grid at the bridges “telescoped” to 8
X 8 m grid over the rest of the modeling domain.

Figure 34: Modeling domain #1, defined by the location of the tide level gauges.
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Figure 35: Modeling Domain #2, extending to the west end of Anderson Blvd.

Figure 36: Modeling Domain #3, extending westward of Conception Key.
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3.4 Calibration and Verification
The accuracy of the numerical model was assessed by comparing measured velocity values to the
modeled values at the two bridge openings. Calibration involves adjusting the modeling parameters until
the modeled and measured values closely approximate each other. An important parameter controlling flow
velocities in estuaries is friction associated with submerged aquatic vegetation, such as seagrass. Therefore,
the friction coefficient was the only parameter used in the calibration, as a large portion of the study area is
covered by seagrass beds. Furthermore, the dominant species at Fort DeSoto is T. testudinum, which has
been shown to have the highest flow retardance of all tropical seagrass species (Fonseca and Fisher, 1986).
Current-wave interaction with seagrass bed has been the subject of numerous studies (Bryan et al.,
2007; El Allaoui et al., 2016; Moki et al., 2020; Peterson et al., 2004; Abdelrhman, 2003; Fonseca and
Fisher, 1986; Hansen and Reidenbach, 2012; Le Bouteiller and Venditti, 2014; 2015; Paquier et al., 2020).
All the above studies have suggested that seagrass bed would exert stronger friction forcing than a barren
surface. Hydrodynamic numerical models can account for the role of seagrasses by adjusting the Manning’s
roughness coefficient, n (Paquier et al., 2019). It is therefore reasonable to apply a larger friction coefficient
for seagrass bed as compared to barren bed during the calibration process to account for the differential
frictional forces. Bathymetry data and aerial photography were used to identify and digitize the areas that
were covered by seagrass (Figure 37). The Willmott (1981) skill (Eq. 1) was used to compare modeled to
measured current velocities.

∑(𝑉𝑚𝑜𝑑𝑒𝑙 − 𝑉𝑚𝑒𝑎𝑠𝑢𝑟𝑒 )2
𝑆𝑤 = 1 −
∑(|𝑉𝑚𝑜𝑑𝑒𝑙 − ̅̅̅̅̅̅̅̅̅̅̅
𝑉𝑚𝑒𝑎𝑠𝑢𝑟𝑒 | + |𝑉𝑚𝑜𝑑𝑒𝑙 − ̅̅̅̅̅̅̅̅̅
𝑉𝑚𝑜𝑑𝑒𝑙 |)

Eq. 1

For this equation, Sw values closer to 1 signify less deviation between modeled and measured
values, and therefore a better model skill. The calibration runs were divided into three phases of 8 model
runs (24 runs total; Figure 38). During the first phase, a simple uniform Manning’s coefficient was used
over the entire modeling domain. Applying a uniform friction coefficient is the simplest and most
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commonly used modeling practice. Based on the results from the first phase, the second phase used different
Manning’s coefficients for the seagrass beds and barren surfaces. The third phase was designed to examine
a key meteorological condition, wind, on the circulation patterns. Because wind measurements in the project
area were not conducted by this study, wind forcing was simulated both artificially and using data gathered
from local NOAA stations. Schematic winds from N, S, E, and W and data from nearby NOAA stations at
St, Pete, Clearwater Beach, and Tampa Bay main channel were used to test the model’s sensitivity to wind
forcing.

Figure 37. Friction map. Barren areas with smaller friction coefficients (green) versus seagrass areas with larger
friction coefficients (blue) for the calibration runs.
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Figure 38. Summary of calibration runs. Phase I applied a uniform friction coefficient to the modeling domain.
Phase II applied unique friction values for seagrasses and channels. Phase III simulated meteorological conditions.

Phase I results showed that a uninform friction coefficient of 0.045 produced the highest agreement
between modeled and measured velocities. Phase II results showed that Manning coefficients of 0.03 for
the barren surfaces and 0.055 for seagrass beds yielded the most accurate results as compared to the
measured data. The selection of Manning’s coefficients was based on the phase 1 run results. Overall, the
computed velocities compared well with the measured velocities at both bridge openings (Figures 39 and
40), with Sw = 0.969 at Bridge 1 and Sw = 0.958 at Bridge 2. As such, these friction coefficients are used
for all subsequent production runs.
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Figure 39. Comparison of measured and modeled velocities at Bridge 1 for calibration run Case 16

Figure 40. Comparison of measured and modeled velocities at Bridge 2 for calibration run Case 16

The calibration runs as discussed above used roughly 10 days of the field measurements near the
beginning of the measurement period. The verification run of the calibrated Ft De Soto circulation model
was conducted over a roughly 5-day period in the middle of the measurement period. The results of the
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verification run are shown in Figures 41 and 42. The modeled flow velocities matched well with the
measured velocities. The modeling skills for the verification run are similar to those for the calibration run
at both bridges, as should be the case.

Figure 41. Results of verification run at Bridge 1. The modeled and measured flow velocities matched well.

Figure 42. Results of verification run at Bridge 2. The modeled and measured flow velocities matched well.
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3.5 Modeling Verification Limitations
We acknowledge there are certain shortcomings associated with the model verification strategy
employed in this study. Generally speaking, the accuracy of hydrodynamic models increases as more
locations can be verified with measured data. For this study, t he placement of the current velocity meters
at the bridge openings provides a somewhat narrow reference frame, which does not allow for comparison
of modeled and measured values in the various sub-environments throughout the embayment, i.e. within
the seagrass beds or dredged channels. Thus, a potential for error exists in the modeling results throughout
the larger bay. Such limitations are common for this type of modeling study, and do not detract from the
overall validity of these results. Given the importance of the seagrass beds and dredged channels in
hydrodynamic patterns, as described in this study, verification of flow velocity in these areas would be
beneficial, and is therefore recommended for future modeling studies in shallow estuaries.

3.6 Tidal Prism Analysis
The overall influence of the two bridge openings on hydrologic exchange was evaluated using the
tidal prism method, which computes the discharges through the bridges and compares it to the tidal prism
for the entire Fort DeSoto Bay. The tidal prism represents the total volume of water that flows into or out
of an estuary between a high tide and the subsequent low tide (Dyer, 1997). The tidal prism (P) for a single
tidal cycle is given by the formula:

𝑃 = Δ𝐻 ∙ 𝑆

Eq. 2

where P represents the tidal prism; ΔH represents the tidal range; and S represents the surface area of the
estuary averaged over the tidal cycle (Fang, et al., 2015). Measured water level fluctuations were used to
determine the tidal range (ΔH), while surface area (S) was calculated by digitizing the shoreline from aerial
imagery in Google Earth Pro. For this study, the surface area of the Bay is somewhat subjectively defined
as the modeling domain. In order to evaluate the contributions of the bridge openings near the southern and
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landward portion of the bay, a “lower bay” was defined as shown in Figure 43. This lower bay/upper bay
dividing line separates the upper region of the bay that appears to be well connected to Bunces Pass from
lower region where tidal connectivity is limited. The divide was also defined somewhat subjectively,
conforming with the overall heuristic strategy used for the tidal prism analysis.

Lower bay/ upper
bay divide

Figure 43. Divide between the upper and lower bay defining the extents of tidal prism calculations for lower bay

Volumetric discharge (Q) was calculated at each bridge for flooding and ebbing tide cycles, and
compared with the total tidal prism for the same period to determine what percentage of the total estuarine
water volume flows through the two bridges, and how this percentage is affected by altering the bridge
configuration. Because circulation is more restricted in the lower portion of the bay, a secondary tidal prism
was calculated specifically for the lower bay to better understand the influence of the bridge openings.
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Discharge calculations were based on the measured cross-sectional area of the openings and computed flow
velocity, which was depth-averaged within each of the 2 x 2 m grid cells, as shown in equation:

𝑄 = ∫. ∫ 𝑣⃗ 𝑑𝐴 𝑑𝑡
𝑡

Eq. 3

𝐴

where v denotes the computed depth-averaged velocity, A denotes the cross-sectional area of the grid cell,
and t denotes time over which the discharge is computed. In this formula, the modeled velocity (𝑣⃗) is
integrated over the cross-sectional area of the bridge (A) through the duration of a tidal cycle, hence the use
of the double integral. The computed discharge through the bridge openings (Eq. 3) is compared with the
total tidal prism (Eq. 2) for the same period to determine what percentage of the total estuarine water volume
flows through the two bridges. Calculations were repeated for both the lower bay and upper bay during
flooding and ebbing tides for three different configurations: 1) both bridges open, 2) Bridge 1 blocked, and
3) Bridge 2 blocked (12 runs total). Table 1 summarizes the prism analysis runs. A detailed summary of the
prism analysis results is provided in Chapter 4.
Table 1. Summary of tidal prism analysis runs

Tidal Prism Region

Configuration
Both Bridges Open

Lower Bay

Bridge 1 Blocked
Bridge 2 Blocked
Both Bridges Open

Upper Bay

Bridge 1 Blocked
Bridge 2 Blocked
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Tide Cycle
Flooding
Ebbing
Flooding
Ebbing
Flooding
Ebbing
Flooding
Ebbing
Flooding
Ebbing
Flooding
Ebbing

3.7 Modeling Scenarios
A total of ten scenarios were simulated to examine the effect of various factors on circulation
patterns within Fort DeSoto Bay (Table 2). The first four modeling scenarios are based on actual conditions,
while the remaining six cases represent hypothetical configurations. The four actual cases are: A1)
conditions prior to the installation of the tidal bridges (ca. 2003), A2) existing conditions with the two
bridge openings, A3) predevelopment, i.e., natural conditions as depicted from the 1943 aerial photo (Fig.
2), and A4) conditions prior to the installation of Bridge 2 (ca. 2005). The hypothetical cases are: H1)
bridges closed and dredged channels filled, H2) opening of a new circulation bridge near the Fort DeSoto
Campground (from here on referred to as “campground pass” as existed before development), H3) filling
in of a large dredge hole in the southwest corner of modeling domain, H4) filling the two north-south
extending dredged channels from the existing configuration, H5) closing of dredged channels and reopening
of campground pass, and H6) closing of Bridge 1. Scenarios H2 and H3 simulate potential restoration
options with the goal of restoring pre-development conditions and informing future projects (Fig. 22). The
predevelopment scenario (A3) serves as a basis of comparison to evaluate how the tidal-driven circulation
pattern was modified by extensive dredging and filling activities that are rather common engineering
practices in shallow estuaries.
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Table 2. Summary of modeling scenarios

Scenario

Description
Conditions prior to installation of the circulation
bridge (ca. 2003)
Existing conditions

Actual 1 (A1)
Actual 2 (A2)

Predevelopment, i.e., natural conditions (ca.
1943)
Conditions prior to Bridge 2 installation
(ca. 2005)

Actual 3 (A3)
Actual 4 (A4)
Hypothetical 1 (H1)

Bridges closed and dredged channels filled
Opening of new circulation bridge near Fort
DeSoto Campground
Filling in of a large dredge hole in the southwest
corner of the modeling domain
Filling of the three north-south extending dredged
channels from the existing configuration
Closing of dredge channels/dredged holes, and
reopening of campground pass
Closing of Bridge 1

Hypothetical 2 (H2)
Hypothetical 3 (H3)
Hypothetical 4 (H4)
Hypothetical 5 (H5)
Hypothetical 6 (H6)

3.8 Comparisons of Simulated Flow Field under the Various Scenarios
The influences of the various natural and artificial factors were examined temporally and spatially
using two approaches. The first approach focuses on comparing temporal variations. For each of the ten
scenarios (Table 2), computed velocity values were extracted at eleven locations within the bay (Fig. 44).
Extraction points were strategically chosen to represent key features of the estuary and in areas that would
respond to bathymetric alterations. These areas include dredged channels, seagrass beds, and circulation
openings. Velocity values over a roughly 10-day period were compared at each extraction point for the ten
modeling scenarios to examine the influences of the various factors. The scenarios were compared in terms
of both average velocity and peak velocity to identify the scenarios that yielded the highest and lowest
values at each extraction point.
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Figure 44. Current velocity extraction points

The second approach focuses on examining the differences of the entire flow field under the 10
scenarios, using either the existing conditions (case A2) or natural conditions (case A3) as the benchmarks
for the comparison. Difference maps (Table 3) were created by subtracting the modeled flow field under a
peak flood current and a peak ebb current for either the existing or natural conditions from the target
modeled case. In the difference maps, areas in which velocity increased yielded positive values, and areas
where velocity decreased would result in negative values. These changes are visually represented using a
color ramp where cooler colors indicate increases in current magnitude, and warmer colors indicate
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decreases. The flow-field differences are discussed in the following sections. The layout of the natural
scenario varies substantially from most of the cases, particularly in terms of distribution of land and water,
making the subtraction results somewhat difficult to interpret. Therefore, the natural condition was only
used as the benchmark of comparison for two cases: A2 and H5 (Table 3). Since H5 scenario involves the
filling of all dredged channels and holes and re-opening of the campground pass, both of which are potential
restoration activities, it is shortened to “Max Restoration” in Table 3.
Table 3. Summary of modeled scenario comparisons

Subtraction Sequence

Comparison Description

A2 – A3

Existing vs. natural

H4 – A2

Channels filled vs. existing

H5 – A3

Max restoration vs. natural

A1 – A2

Both bridges closed vs. existing

H3 – A2

Dredge hole closed vs. existing

H2 – A2

Campground pass opened vs. existing

H5 – A2

Max restoration vs. existing

H6 – A2

Bridge 1 closed vs. existing

A4 – A2

Bridge 2 closed vs. existing

H1 – A2

Channels filled bridges closed vs. existing
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CHAPTER 4:
RESULTS

4.1 Contribution of Bridges to Water Exchange
To quantify the influence of the bridge openings to hydrologic exchange, the tidal prism method
was utilized (see Chapter 4). The results of these experiments are presented below. It is worth noting that
the following results are influenced by the specific tide that was analyzed. As such, the percentage values
may vary if a different tide is used. However, the differences should be minute and the overall trend should
be similar.

4.1.1 Tidal Prism Results
The cumulative and individual contribution of the bridges to water exchange within the Fort DeSoto
Bay can be quantified from a water budget approach, i.e., comparing the discharges through the openings
to the tidal prism of the bay. In addition to analyzing the entire bay, tidal exchange within the lower half of
the bay, as defined in Figure 43, was also examined (Table 4). The tidal prism analysis indicates that water
exchange in the southern half of the bay is significantly influenced by the two bridge openings, with up to
25% of the tidal prism in the lower bay passing through the two bridge openings during a spring flooding
tide. It is worth noting that the 25% was obtained by summing the discharges through bridges 1 and 2 (Table
4). It is possible that a portion of the water can flow through both bridges. Therefore, the 25% should
represent the maximum amount. During the ebbing tide, the percentage the lower bay tidal prism conveyed
through the bridge openings dropped to 12% because a portion of the water returns to the GOM via Tampa
Bay to the east.
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Table 4. Summary of tidal prism analysis results, where QB1 = discharge at bridge 1, and QB2 = discharge at bridge
2. Ebbing and flooding discharges were compared with total prism for the modeling domain, and for the southern
part of the bay (i.e., lower bay).

Both Bridges Open
3

Flood Discharge (m )
Ebb Discharge
3
(m )
Percent of Flood Prism
3
(m )
Percent of Ebb Prism
3
(m )
Percent of Flood
3
Prism (m )
Percent of
3
Ebb Prism (m )

QB1

69700

QB2

218700

QB1+QB2

288400

QB1

69700

QB2

131100

QB1+QB2

200800

QB1

6.21%

QB2

19.48%

QB1+QB2

25.69%

QB1

4.25%

QB2

7.99%

QB1+QB2

12.24%

QB1

2.30%

QB2

7.20%

QB1+QB2

9.50%

QB1

1.57%

QB2

2.95%

QB1+QB2

4.52%

Bridge 1 Blocked

Bridge 2 Blocked

QB2

189800

QB1

48700

QB2

115500

QB1

53000

QB2

16.91%

QB1

4.34%

QB2

7.04%

QB1

3.23%

QB2

6.25%

QB1

1.60%

QB2

2.60%

QB1

1.19%

For each configuration, the percentage of the tidal prism passing through Bridge 2 is considerably
larger than that through Bridge 1, particularly during the flooding tide when more water is moving from
east to west (Figure 45 and 47). For instance, within the lower bay during the flood tide, Bridge 2 conveys
19% of the tidal prism vs. 6% at Bridge 1 (Table 4). This suggests that Bridge 2 has a larger area of influence
than Bridge 1, which can be explained by the fact that Bridge 2 receives hydrologic input from two sources:
1) water flowing continuously eastward from Bridge 1, and 2) water flowing southward between the two
causeways, i.e. within DC1. These two disparate flows converge near St. Barbe Key before flowing
eastward through Bridge 2, resulting in a considerably higher discharge.
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During ebb tides, when water moves from east to west, discharge is also greater at Bridge 2 than at
Bridge 1 (Table 4, Figure 46 and 48). After passing through Bridge 2, a percentage of water exits the estuary
northward between the two parallel causeways, as opposed to flowing continuously westward through
Bridge 1. A greater percentage of tidal prism flows through the bridges during flood tides than during ebb
tides, 25.6% versus 12.2% for the two tides analyzed (Table 4). This suggests that flooding currents tend
to flow in a west-east direction and pass through the bridges, while ebbing currents tend to flow south -north
and results in less discharge through the bridges as compared to flooding tides. It is also probably that a
percentage of water escapes to the east near Conception Key.

West to east flow
during flood tide

Figure 45. Flow field during a peak flood condition at Bridge 1
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East to west flow
during ebb tide

Figure 46. Flow field during a peak ebb condition at Bridge 1

Figure 47. Flow field during a peak flood condition at bridge 2
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Figure 48. Flow field during a peak ebb condition at bridge 2

4.1.1.1 Effects of Bridge Closure on Tidal Prism
The numerical model also allows the examination of the interaction of individual bridges to water
exchange. This was evaluated by artificially closing either Bridge 1 or Bride 2 during the model simulations
(i.e., Scenarios A4 and H6 in Table 2). As shown in Table 4, the discharge through one bridge decreases
considerably when the other is closed, suggesting a hydrologic link between the two bridges. Discharge
during the analyzed flooding tide through Bridge 2 decreased from 19.5% to 16.9% of the lower bay prism
when Bridge 1 was closed (Figure 50), while for the ebb tide, the discharge decreased from 8.0% to 7.0%.
This represents a reduced water volume exchange of approximately 13% through Bridge 2 when Bridge 1
is closed.
At Bridge 1, discharge during the studied flooding tide decreased from 6.2% of the lower bay prism
when both bridges were open to 4.3% when Bridge 2 was closed (Figure 51), while for the ebb tide, the
discharge decreased from 4.3% to 3.2%. This represents a reduced wat er volume exchange of
approximately 31% and 26% for flooding and ebbing tides, respectively, through Bridge 1 when Bridge 2
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is closed. This indicates that Bridge 2 has a more significant influence on Bridge 1 in terms of water
exchange volume.

Figure 49. Flow response to blocking of both bridges. Uniform red coloration of flow field indicates a significant
reduction in flow across all three cells of the estuary. This simulation reflects the conditions at Fort DeSoto
following construction of the parallel causeways, but predating the construction of the twin circulation bridges.
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Figure 50. Flow Response to blocking of Bridge 1

Figure 51. Flow response to blocking of Bridge 2
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4.2 Tidal Flow Characteristics under Different Modeled Scenarios
A major advantage of numerical modeling approach is that once the model is calibrated and
verified, it provides a powerful tool to simulate present and past conditions as well as hypothetical scenarios,
as listed in Table 1. In contrast, field measurements can only be conducted under present conditions. For
the case of Fort DeSoto Bay, ten scenarios were simulated to investigate the influences of natural and
artificial factors on the flow field. Each modeling case was simulated over a 10-day period. The results of
these modeling runs are discussed in detail in the following paragraphs. The accompanying figures provide
a visual representation of the flow conditions for the various configurations. In general, warmer colors
indicate slower flow velocities, and cooler colors indicate faster velocities. In order to emphasize the
circulation patterns, flow field maps were selected during periods of tidal cycle when flow velocities at the
bridge openings are the largest. Additional maps are provided showing the results of the current magnitude
subtractions. Finally, comparison plots are also provided to show how current velocities at the 11 extraction
points are affected by various configurations. For ease of reading, figures have only been included for Case
A3 and A2. The remaining figures are listed in the Appendix.

4.2.1 Case A3 - Predevelopment Hydrodynamics
The predevelopment circulation scenario (Case A3, ca. 1943) serves as a baseline to evaluate how
hydrodynamics changed as a result of anthropogenic activities, including dredging, causeway, and bridge
construction. Comparing the existing configuration with the 1943 configuration as sh own in figure 23, the
key differences are 1) the absence of channelization from dredging, 2) absence of the 14-foot-deep dredge
hole in the southwest corner of the estuary, 3) absence of the causeways connecting the mangrove islands
to the shoreline, 4) lack of natural east-west water body connectivity in the southern portion of the bay, and
5) presence of a natural gap between the two mangrove islands in the middle of the bay, referred to here as
the Fort DeSoto Campground Pass due to its proximity to the adjacent campground. It is worth noting that
although most of the dredging projects resulted in north-south extending channels, our literature research
suggests that the main goal of dredging was to provide sediment for causeway construction instead of
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modifying flow patterns. In other words, potential influences on tidal flow patterns were not considered in
the dredging. The linear channel feature may simply be coincidental, as controlled by the geometry of the
causeway.
Under natural conditions (Case A3), circulation in the upper bay is quite active, with peak flow
velocity over a large area reaching 0.2 m/s or faster (Figures 52, 53, and 54). The flow is directed mostly
north-south, or roughly perpendicular to the model domain boundary along Bunces Pass. In contrast, flow
velocity in the lower bay is small overall, seldom exceeding 0.1 m/s (Figures 52, 53, and 54). Velocity is
generally low (<0.2 m/s) in the areas where dredged channels would later be dug due to the lack of
channelized flow. Despite the localized decreases in current magnitude in these areas, macro-scale dispersal
of tidal flow is significantly improved when compared to subsequent model runs, as less water is being
concentrated into dredged channels (Figures 53 and 54). Furthermore, water does not stagnate in the
southern region of the bay.
Analysis of film loops shows a triple convergence zone in a region of the bay between St. Jean Key
and Bonne Fortune Key. As inflow from Bunces Pass encounters the southern boundary of Mullet Key, it
is diverted eastward between St. Jean Key and Mullet Key, where it converges with tidal currents flowing
in a westward direction between Bonne Fortune Key and Mullet Key. A third tidal current flows southward
between the parallel causeways where it combines with water flowing eastward through campground pass
before reaching the convergence zone. During the ebbing tide, flows from these three disparate sources
reverse direction and drain out of the bay. For this reason, the flows between the gaps in the mangrove
islands in the southern by (extraction points C1 and C2) are always in opposite directions.
Substantial tidal driven currents flow through the natural gaps between the mangrove islands. The
gap with the strongest flow is the now closed Campground Pass (extraction point P1), with flow velocities
in excess of 0.27 m/s (Table 5). For comparison, the peak velocities in the areas where the circulat ion
bridges were later installed were 0.15 m/s and 0.07 m/s for bridges 1 and 2 respectively (Table 5). As
controlled by the orientations of the mangrove islands, the flow through the gaps is mostly directed east
and west, or parallel to the southern shoreline. In summary, under natural conditions the Fort DeSoto Bay
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had rather shallow and uniform bathymetry, as depicted from the 1943 aerial photo. The tidal flow in the
northern half of the bay was relatively strong due to its proximity to Bunces Pass. The gaps between
mangrove islands played a significant role in facilitating east-west directed flow. Circulation in the lower
bay was also active in the predevelopment configuration, but with velocity generally less than 0.1 m/s.

Figure 52. Tidal flow at 11 points of interest for Case A3 (pre-development natural condition). Upper panel:
locations of the numerical flow meter. Middle panel: flow in the upper bay.
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Figure 52 continued: Flow in the lower bay.
Table 5. Summary of peak, average, and residual velocities at the eleven extraction points for case A3.

Extraction Point
M1
B1
A1
M2
B2
P1
C1
C2
S1
S2
S3

Tide Cycle
Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb

Peak Velocity
(m/s)
0.061
-0.073
0.031
-0.043
0.165
-0.185
0.116
-0.107
0.012
-0.009
0.271
-0.185
0.140
-0.100
0.067
-0.058
0.061
-0.066
0.022
-0.021
0.026
-0.021
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Average Velocity
(m/s)
0.027
-0.032
0.016
-0.015
0.070
-0.078
0.045
-0.049
0.005
-0.004
0.138
-0.106
0.075
-0.049
0.025
-0.025
0.026
-0.029
0.011
-0.010
0.009
-0.005

Residual
Velocity (m/s)
0.002
0.00
0.008
0.005
0.001
0.035
0.022
0.004
0.003
0.002
0.003

Figure 53. Case A3 during peak flood. Upper panel: large-scale view. Lower panel: zoomed in view
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Figure 54. Case A3 during peak ebb. Upper panel: large-scale view. Lower panel: zoomed in view
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4.2.2 Case A2 - Existing Hydrodynamics
The existing configuration (Case A2) (Fig. 25, 56, and 57) differs from the predevelopment
configuration (case A3) (Fig 22) in several important ways: first, a network of linear and mostly northsouth trending dredged channels parallel to the causeways, as well as a deeper dredge hole produced
substantial bathymetry variation in the once uniformly shallow estuary. Second, the two north -south
oriented causeways compartmentalized the estuary into three separate cells (referred to from here as the
western, central, and eastern cells). Third, the two 12-meter bridges near the southern end of the estuary
serve as the only connections between the three cells. It is worth noting that the above anthropogenic
alterations are not unique to Fort DeSoto Bay. Rather, they represent common engineering practices in
urbanized estuaries across the world.
The modeled flow field under the existing heavily modified conditions (Figures 56 and 27) is quite
different from that associated with the predevelopment natural conditions (Figures 53 and 54). Analysis of
velocity data at the eleven extraction points over the ten-day modeling period shows that flow is strongest
at Bridge 2 (extraction point C2) with a peak velocity reaching 0.56 m/s. Overall, tidal flow through Bridge
1 (extraction point C1) is weaker than that through Bridge 2, with a peak velocity of 0.36 m/s (Table 6).
The stronger tidal flow velocity at Bridge 2 is somewhat surprising given the more central location of Bridge
1 which might be the reason that Bridge 1 was open earlier.
The dredged channels exhibit significantly higher flow velocities than the adjacent seagrass beds,
indicating that the channels serve as efficient conduits for tidal flow. DelCharco (1998) found through field
measurements that the dredged Intracoastal Waterway played a significant role in influencing circulation
patterns in the shallow Pine Island Sound, a sub-estuary in Charlotte Harbor, Florida. Similar to the case
here, a significant increase in flow velocities was observed in the dredged channels (Figure 58 and 59). In
contrast, if the dredged channel is wide and deep, it may still concentrate the flow but with lower velocity
as compared to pre-dredging case due to the significant increased cross-sectional area (Martelo et al., 2019).
Comparing Figure 53 and 56, tidal flow patterns in the upper (northern) part of the bay are
significantly altered by the dredge channels. Tidal flow is concentrated into the dredged channels, resulting
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in fast flow of up to ~0.4 m/s, as compared to the generally low flow (<0.3 m/s) over the shallow seagrass
beds, as measured in the predevelopment scenario. However, the spatial distribution of high -flow areas is
limited to the immediate vicinity of dredged channels, while shallow seagrass beds exhibit considerably
lower flows than under natural conditions (Figures 58 and 59). Analysis of velocity difference maps that
over a large portion of the shallow area adjacent to Bunces Pass, tidal flow velocity decreased to 0.15 m/s
under both peak ebb and flood conditions (Fig 58 and 59). While in the dredge channel, the flow increase
exceeded 0.15 m/s in some sections. In other words, the dredge channels reduced the overall flow velocity
over the seagrass beds in the upper bay. The seagrass area most effected by t he dredged channels appears
to be in the northwest corner of the modeling domain (extraction point S1), which saw a 47 percent
reduction in current magnitude following development activities. Similar trends were observed over
seagrass beds in the southwest portion of the bay (extraction point S2), which saw a 15% and 27% reduction
in velocities during ebbing and flooding tides, respectively (Table 6).
Another area that experienced significant change in tidal circulation is between the mangrove
islands in the vicinity of the now-closed Campground Pass. The impermeable causeway led to substantial
reductions in flow velocity. Flow reductions are more pronounced during flooding tide (Fig. 55 lower panel)
than during ebbing tide. The closure of the Campground Pass significantly impeded the east -west tidal flow,
which tends to be stronger during the flooding phase than during the ebbing phase. The significantly
reduced tidal flow of up to 0.15 m/s between the mangrove islands (Table 6) may have negative impacted
water quality and ecological connectivity in this area.
The 12-m wide bridge openings are much narrower than the natural gaps under the predevelopment
conditions (Fig. 22 and 25). The narrower conduits resulted in stronger flow through the bridges and
surrounding areas, as compared to the natural openings. For Bridge 1, the flow pattern remains largely
similar to the natural conditions, except at and directly adjacent to the opening. Considerable changes
occurred at Bridge 2, with much stronger flow through and directly adjacent to the opening. However, the
flow velocity in the greater area became weaker due to the much narrower conduit.
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Figure 55. Tidal flow at 11 points of interest for Case A2 (existing conditions). Upper panel: locations of the
numerical flow meter. Lower panel: flow in the upper bay.
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Figure 55 continued: Flow in the lower bay.
Table 6. Summary of peak, average, and residual velocities at the eleven extraction points for case A2

Extraction Point

Tide Cycle

Peak Velocity
(m/s)

Average
Velocity (m/s)

Residual Velocity
(m/s)

M1

Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb

0.169
-0.240
0.125
-0.255
0.160
-0.170
0.148
-0.125
0.017
-0.018
0.000
0.000
0.364
-0.335
0.560
-0.419
0.036
-0.044
0.018
-0.019
0.023
-0.022

0.060
-0.089
0.065
-0.109
0.071
-0.065
0.052
-0.049
0.006
-0.006
0.000
0.000
0.178
-0.150
0.274
-0.179
0.014
-0.016
0.008
-0.009
0.011
-0.009

-0.003

B1
A1
M2
B2
P1
C1
C2
S1
S2
S3
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-0.009
0.013
0.009
0.001
0.000
0.039
0.082
0.001
0.001
0.003

Figure 56. Case A2 during peak flood. Upper panel: large-scale view. Lower panel: zoomed in view
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Figure 57. Case A2 during peak ebb. Upper panel: large-scale view. Lower panel: zoomed in view
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Figure 58. Comparison of flood velocity for predevelopment vs. existing conditions (A2-A3). Upper panel: largescale view. Lower panel: zoomed in view
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Figure 59. Comparison of ebb velocity for predevelopment vs. existing conditions (A2 -A3). Upper panel: large-scale
view. Lower panel: zoomed in view
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4.2.3 Case A1 – Hydrodynamics Prior to Bridge Installations
The tidal-driven circulation pattern predating the installation of the circulation bridges (ca. 2003)
was simulated by closing the two bridge openings from the existing configuration (Case A2). The modeled
flow field is shown in Figure 60. Without the bridges, and the Campground Pass, the east-west oriented
conduits are all closed, resulting in nearly complete elimination of the east -west directed tidal flow (Fig.
60). As expected, the closure of the bridge openings has minimal influence on tidal circulation in the upper
part of the bay, as this area is adjacent to Bunces Pass. A comparison of this case with the existing
configuration reveals how the construction of circulation bridges affected flow patterns. As anticipated,
closure of the circulation bridges leads to a substantial reduction in flow velocities in the southern lower
(southern) part of the bay (Fig. 61). The most significant changes occurred in the southern seagrass beds
between the parallel causeways (extraction point S3). In this region, average flooding velocities over for
the 10-day modeling period decreased by 69%, as compared with the existing configuration (Table 7).
Within the seagrass beds in the southwest portion of the bay (extraction point S2), average flooding
velocities decreased by 21%.
Because the southern land boundary is oriented roughly east-west, flow in the southern region of
the Fort DeSoto Bay tends to oscillate in an east-west pattern, with flooding currents flowing eastward, and
ebbing current flowing westward (Figures 57 and 57). Therefore, the bridges are essential to promoting
tidal circulation in the lower bay, as they provide the only conduit for the east-west flow. Bridge closure
causes measurable reductions in flow velocity at all eleven extraction points, suggestin g that the bridges
influence circulation over the entire embayment. Changes are most significant in the southern portion of
the bay (up to 69%), and become progressively less prominent toward the northern region of the bay near
Bunces Pass (<5%) (Table 7).
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Table 7. Summary of peak, average, and residual velocities at the eleven extraction points for case A1

Extraction Point
M1
B1
A1
M2
B2
P1
C1
C2
S1
S2
S3

Tide Cycle

Peak Velocity
(m/s)

Average Velocity
(m/s)

Flood

0.167

0.059

Ebb

-0.236

-0.087

Flood

0.121

0.060

Ebb

-0.253

-0.105

Flood

0.154

0.068

Ebb

-0.167

-0.064

Flood

0.145

0.049

Ebb

-0.121

-0.047

Flood

0.011

0.006

Ebb

-0.012

-0.004

Flood

0.000

0.000

Ebb

0.000

0.000

Flood

0.000

0.000

Ebb

0.000

0.000

Flood

0.000

0.000

Ebb

0.000

0.000

Flood

0.034

0.013

Ebb

-0.043

-0.015

Flood

0.015

0.006

Ebb

-0.016

-0.007

Flood
Ebb

0.008
-0.008

0.003
-0.003
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Residual
Velocity (m/s)
-0.003
-0.010
0.012
0.009
0.001
0.000
0.000
0.000
0.001
0.001
0.001

Blockage of east-west flow
patterns by causeways

Figure 60. Case A1 during peak flood showing disruption of natural east-west flow patterns. Upper panel: largescale view. Lower panel: zoomed in view
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Flow reductions in major conduits
as a result of bridge closure.

Flow reductions throughout the lower
bay as a result of bridge closure.

Figure 61. Comparison of flood velocity for cases A1 and A2 showing a reduction in flow velocity throughout the
southern region of the bay. Upper panel: large-scale view. Lower panel: zoomed in view
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4.2.4 Case A4 – Hydrodynamics prior to Bridge 2 Installation
This scenario involved the closure of Bridge 2 in the numerical model to simulate the conditions
that existed during the 12-year period following the installation of the Bridge 1, and preceding the
installation of Bridge 2. Reduction in current velocities were seen at all of the eleven extraction points,
during both flooding and ebbing tides (Figure 62). The seagrass beds between Bridge 1 and Bridge 2
(extraction point S3) saw a 65% reduction in flow velocity, as compared with the existing conditions.
Furthermore, velocity at Bridge 1 decreased by 58% and 45% during flood and ebb tides respectively,
providing further evidence for a strong hydrologic link between the two bridges (Table 9). The results of
this simulation demonstrate the importance of both bridges is maintaining east -west flow in the southern
region of the bay.

Reduced flow
throughout central
estuarine cell with
Bridge 2 closed

Figure 62. Comparison of flood velocity for cases A4 and A2 showing a reduction in flow velocity in the southern
region of the bay, the central cell, and at Bridge 1. Large-scale view
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Figure 62 continued. Zoomed in view
Table 8. Summary of peak, average, and residual velocities at the eleven extraction points for case A4

Extraction Point
M1
B1
A1
M2
B2
P1
C1
C2
S1
S2
S3

Tide Cycle
Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb

Peak Velocity
(m/s)
0.168
-0.239
0.117
-0.247
0.159
-0.170
0.147
-0.125
0.008
-0.011
0.000
0.000
0.295
-0.290
0.000
0.000
0.036
-0.044
0.018
-0.019
0.007
-0.00766
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Average Velocity
(m/s)
0.060
-0.088
0.058
-0.102
0.070
-0.065
0.051
-0.048
0.003
-0.003
0.000
0.000
0.133
-0.112
0.000
0.000
0.013
-0.016
0.008
-0.008
0.004
-0.00307

Residual Velocity
(m/s)
-0.003
-0.010
0.013
0.009
0.000
0.000
0.030
0.000
0.001
0.001
0.001

4.2.5 Case H1 – Hydrodynamics without Bridges nor Dredged Channels
The first hypothetical simulation tests the effects of filling the two north -south oriented dredged
channels to match the surrounding water depth, and blocking both of the bridge openings. The dredged
channels leading to the southern portion of the bay likely assist in north-south flow between Bunces Pass
to the southern bay, while bridge openings facilitate east-west flow between the various cells of the bay.
Therefore, this case is intended to serve as a “worst-case” scenario for circulation in the southern bay. As
anticipated, average flow velocities over the 10-day modeling period decreased substantially in the southern
bay (Figure 63 lower panel). An 81% reduction in velocity occurred in the seagrass beds between the
parallel causeways, compared to a 69% reduction when only the bridges were closed, as in case A1 (Table
10). Although flow velocities in the southern region of the bay decreased during this case, an increase in
flow was observed in shallow areas adjacent to the dredged channels, especially in the upper bay (Figure
64). The dredged channels, therefore, appear to have a stimulative effect on flow in the southern bay, and
a restrictive effect on flow in the upper bay.
Table 9. Summary of peak, average, and residual velocities at the eleven extraction points for case H1
Extraction Point
M1
B1
A1
M2
B2
P1
C1
C2
S1
S2
S3

Tide Cycle

Peak Velocity (m/s)

Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood

0.112
-0.171
0.052
-0.048
0.180
-0.267
0.183
-0.156
0.011
-0.008
0.000
0.000
0.000
0.000
0.000
0.000
0.041
-0.045
0.017
-0.016
0.006

Average Velocity
(m/s)
0.045
-0.073
0.029
-0.012
0.075
-0.116
0.067
-0.070
0.005
-0.004
0.000
0.000
0.000
0.000
0.000
0.000
0.017
-0.020
0.007
-0.008
0.002

Ebb

-0.00565

-0.0029
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Residual Velocity
(m/s)
-0.005
0.012
-0.006
0.009
0.001
0.000
0.000
0.000
0.001
0.001
0.000

Figure 63. Tidal flow at 11 points of interest for case H1 (bridges closed and channels filled). Upper panel: locations
of the numerical flow meter. Middle panel: flow in the upper bay. Lower panel: flow in the lower bay.
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Increased flow
in seagrass beds

Reduced flow at
bridge openings and
within channels

81% reduction in flow
velocity between the
parallel causeways

Figure 64. Comparison of flood velocity for cases H1 and A2 showing a reduction in flow velocity in the southern
bay and within the dredged channels, and an increase in flow velocity within the se agrass beds adjacent to the
dredged channels. Upper panel: large-scale view. Lower panel: zoomed in view
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4.2.6 Case H2 - Hydrodynamic Response to Reopening of Campground Pass
The artificial reopening of an historic circulation pathway near the Fort DeSoto Campground
produced localized increases in flow up to 0.13 m/s in the newly created channel (Table 9). Flooding
velocities at extraction points in the upper bay also increased significantly when compared with the existing
scenario (M1 = +9%, A1 = +7%, B2 = +25%). Similar increases were observed in the southern bay,
especially during the flood tide (S1 = +4%, S3 = +12%). The most noticeable changes occurred at Bridge
2, which saw an increase in ebbing velocity of 12 percent when compared with existing conditions (Table
11, Figure 65). These results support the assumption that Bridge 2 has a larger area of influence than Bridge
1, and receives auxiliary hydrologic input from between the parallel causeways. The opening of the new
pass in the upper bay appears to divert a portion of the tidal prism eastward, where it meets southwardflowing currents in DC1 that eventually exit the bay through Bridge 2 (Figure 66). Decreases in current
velocity were seen in the southwestern portions of the bay. Flow at extractions points M2, S2, and C1
decreased by 4%, 5%, and 25% respectively (Table 11). Interestingly, a 9% flow reduction also occurred
in the extreme northeast corner of the bay (extraction point B1). This finding can be explained by the fact
that a larger volume of water flows into the northwestern region of the bay from Bunces Pass when
Campground Pass is open, leaving less water to flow into the eastern side of the bay (Figure 66).
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Table 10. Summary of peak, average, and residual velocities at the eleven extraction points for case H2

Extraction Point

M1

B1

A1

M2

B2

P1

C1

C2

S1

S2

S3

Tide Cycle

Peak Velocity
(m/s)

Average Velocity
(m/s)

Flood

0.178

0.066

Ebb

-0.249

-0.095

Flood

0.116

0.059

Ebb

-0.242

-0.102

Flood

0.170

0.077

Ebb

-0.176

-0.068

Flood

0.144

0.050

Ebb

-0.121

-0.047

Flood

0.019

0.007

Ebb

-0.020

-0.007

Flood

0.136

0.071

Ebb

-0.128

-0.061

Flood

0.293

0.144

Ebb

-0.275

-0.113

Flood

0.583

0.292

Ebb

-0.434

-0.200

Flood

0.037

0.015

Ebb

-0.045

-0.017

Flood

0.018

0.008

Ebb

-0.018

-0.008

Flood

0.023

0.012

Ebb

-0.023

-0.010
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Residual
Velocity (m/s)
-0.002

-0.009

0.015

0.009

0.002

0.015

0.035

0.083

0.001

0.001

0.003

Strong flow through
Campground Pass

Increased flow at Bridge 2

Decreased flow at Bridge 1

Figure 65. Case H2 during peak flood showing flow through Campground Pass. Upper panel: large -scale view.
Lower panel: zoomed in view

95

Altered flow
trajectory

Increased flow at
Campground
Pass and Bridge 2

Decreased flow in
southwest region of bay

Figure 66. Comparison of flood velocity for cases H2 and A2 showing a reduction in flow velocity in the
southwestern bay, and an increase in flow in the upper and central bay. Upper panel: large-scale view. Lower panel:
zoomed in view
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4.2.7 Case H3 – Hydrodynamic Response to Filling of Dredged Hole
Case H3 simulates the effect of closing a 4.1 m deep dredged hole in the southwest corner of the
bay (Figure 67). As shown in Table 10, the artificial filling of the dredge hole (DH1) in the southwest corner
of the modeling domain produced an 11% increase in flooding velocity in the seagrass beds immediately
adjacent DH1 (extraction point S2). However, no measurable changes in current magnitude were observed
at the other 10 extraction points (Table 12). Therefore, the hydrodynamic implications of filling DH1 appear
to be limited to the southwest corner of the modeling domain. Based on observation of the velocity
difference maps as shown in figure 68, localized decreases in current velocity occurred within the dredge
hole itself (~0.02 m/s). However, such minute changes in the modeled velocity may not reflect reality, and
should be interpreted with caution. Overall, filling the dredge hole would have minimal influence on the
circulation pattern within the Fort DeSoto Bay.

Figure 67. Closeup view of Dredged Hole 1
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Minor flow alterations in
southwest region of bay
near dredged hole

Flow at bridges
unaffected by closure
of Dredge Hole 1

Figure 68. Comparison of Case H3 and Case A2 during peak flood showing negligible modifications in flow
regimes as a result of filling of Dredge Hole 1.
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Table 11. Summary of peak, average, and residual velocities at the eleven extraction points for case H3

Extraction Point
M1
B1
A1
M2
B2
P1
C1
C2
S1
S2
S3

Tide Cycle

Peak Velocity
(m/s)

Average Velocity
(m/s)

Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb

0.169
-0.240
0.125
-0.255
0.160
-0.170
0.148
-0.125
0.017
-0.018
0.000
0.000
0.364
-0.335
0.560
-0.419
0.036
-0.044
0.020
-0.020
0.023
-0.022

0.060
-0.089
0.065
-0.109
0.071
-0.065
0.052
-0.049
0.006
-0.006
0.000
0.000
0.177
-0.150
0.274
-0.179
0.014
-0.016
0.009
-0.009
0.011
-0.009

Residual
Velocity (m/s)
-0.003
-0.009
0.013
0.009
0.001
0.000
0.039
0.082
0.001
0.001
0.003

4.2.8 Case H4 – Hydrodynamic Response to Closing of Dredged Channels
In order to test the hypothesis that the dredged channels leading to the southern portion of the
estuary assist the flow of tidal currents through the two bridge openings, the channels were artificially filled
in the numerical model, and current magnitudes at the bridge openings were compared with the existing
scenario. At Bridge 2, velocity decreased by 43.6% during the flood tide, and 0.5% during the ebb tide
(Table 13), thus partially supporting the hypothesis. The area most affected by closure of the dredged
channels was the seagrass bed between the bridge openings (extraction point S3), which saw a 66% decrease
in flow velocity during the flood tide, and a 64.3% reduction during the ebb tide (Table 13 and Figure 69).
Therefore, the linear dredge channel (DC1) leading to the southern portion of the estuary between CW1
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and CW2 likely assists tidal currents reaching this area. Unlike Bridge 2, however, velocity at Bridge 1
decreased by up to 64.3% when the channels were closed. This finding was unexpected, and suggests that
DC2 plays a less significant role in conveying tidal currents to the southern bay, as compared with DC1. In
fact, analysis of magnitude difference maps for cases A2 and H4 show an increase in velocity across the
majority of the western cell as a result of dredged channel closure.
Overall, closure of the dredged channels caused decreases in velocity within the channels
themselves, and increases in velocity in the adjacent seagrass beds. For example, average velocities in the
linear dredged channel between the causeways (extraction point B2) decreased by 30.2 percent during the
flood tide, while velocities in the seagrass bed in the northwest corner (extraction point S1) increased by
31.0 percent. The area most affected by closure of the dredged channels was the seagrass bed between the
bridge openings (extraction point S3), which saw a 66% decrease in flow velocity during the flood tide, and
a 64.3% reduction during the ebb tide (Table 13 and Figure 69). Therefore, the linear dredge channel (DC1)
leading to the southern portion of the estuary between CW1 and CW2 likely assists tidal currents reaching
the terminus of the bay.
Perhaps the most intriguing finding relates to the direction of flow at Bridge 2. Under existing
conditions, flood currents at Bridge 2 follow the same west to east trajectory as Bridge 1. However, when
the dredged channels are filled, flood currents at Bridge 2 reverse to an east to west trajectory and converge
with tidal currents flowing the opposite direction from Bridge 1 (Figure 70). A third tidal current flows
southward between the parallel causeways where it combines with water flowing eastward through
campground pass before reaching the convergence zone. During the ebbing tide, flows from these three
disparate sources reverse direction and drain out of the bay. For this reason, the flows between the gaps in
the mangrove islands in the southern bay (extraction points C1 and C2) are always in opposite directions
when the dredged channels are filled (Figure 70).
The filling of DC1 likely reduced the tidal prism entering the lower bay between the causeways.
With a significantly reduced volume of water in the region between the causeways, a pressure gradient
between the western and eastern sides of Bridge 2 caused tidal inflow from the eastern edge of the modeling
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domain (i.e. water filling the bay from Egmont Channel) to reverse the flow direction of Bridge 2. This
same reversal of flow was observed in the predevelopment scenario, confirming the causal relationship
between the dredged channels and the flow reversal. These results indicate that the dredge channels have
significant influence on the circulation pattern within the lower bay.
Table 12. Summary of peak, average, and residual velocities at the eleven extraction points for case H4

Extraction Point

Tide Cycle

Peak Velocity
(m/s)

Average Velocity
(m/s)

Residual
Velocity (m/s)

M1

Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb
Flood
Ebb

0.115
-0.178
0.051
-0.047
0.215
-0.287
0.193
-0.164
0.008
-0.008
0.000
0.000
0.529
-0.393
0.473
-0.404
0.043
-0.046
0.022
-0.020
0.009
-0.009

0.047
-0.077
0.029
-0.012
0.090
-0.127
0.074
-0.075
0.004
-0.004
0.000
0.000
0.279
-0.218
0.155
-0.179
0.018
-0.021
0.010
-0.010
0.004
-0.003

-0.005

B1
A1
M2
B2
P1
C1
C2
S1
S2
S3
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0.011
-0.002
0.011
0.001
0.000
0.068
0.014
0.001
0.002
0.001

Reduced flow within
dredged channels

Increased flow within
seagrass beds

66% reduction in flow velocity in
seagrass beds (extraction point S3)
from closure of dredged channels.

Figure 69. Comparison of Case H4 and Case A2 during peak flood showing increased velocity in areas adjacent to
dredged channels. Dredged channel closure causes significant flow reduction in southern region of bay (lower panel)
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Flow reversal
without channels
(Case H4)

Unidirectional flow
with channels
(Case A2)

Figure 70. Flow reversal at Bridge 2 associated with dredged channel filling. Top panel: east to west flood currents
at Bridge 2 with dredged channels filled, as in Case H4. Bottom panel: west to east flood currents at Bridge two with
dredged channels present, as in Case A2.
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4.2.9 Case H5 – Hydrodynamic Response to Filling of Dredged Channels and Reopening of
Campground Pass
This scenario was designed to simulate the effects of combined restoration efforts involving the
filling of all dredged channels and dredged holes, and the reopening of Campground Pass. Unlike scenario
H2, where Campground Pass was reopened to its predevelopment width, scenario H5 reduced the width of
the pass to 12 m in order to simulate the flow capacity of the existing circulation bridges in the lower bay
(Figure 71). Because the purpose of this scenario was to replicate the predevelopment hydrodynamics using
combined restoration measures, velocity values were compared to both the predevelopment scenario (Case
A3), as well as the existing scenario (Case A2).
Overall, Case H5 exhibited the least deviation in computed flow velocities from the
predevelopment scenario (Case A3) of all the cases tested (Table 14). This was expected, as the bathymetry,
location of tidal conduits, and frictional characteristics of the seafloor were the most analogous to the
predevelopment conditions than the other scenarios. When compared with the existing conditions (Case
A2), circulation increased in the seagrass beds and decreased in the channels, with the exception of the
region between the causeways where DC1 funnels tidal inflow from Bunces Pass to the seagrass beds at
the lower reaches of the bay (Figure 72). Similar to cases A3 and H4, this “Max Restoration” scenario
produced a reversal in flow at Bridge 2 (Figure 73).

Figure 71. Closeup view of Campground Pass during peak flood.
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Table 13. Summary of peak, average, and residual velocities at the eleven extraction points for case H5

Extraction Point
M1
B1
A1
M2
B2
P1
C1
C2
S1
S2
S3

Tide Cycle

Peak Velocity
(m/s)

Average Velocity
(m/s)

Flood

0.12

0.05

Ebb

-0.18

-0.08

Flood

0.05

0.03

Ebb

-0.05

-0.01

Flood

0.22

0.09

Ebb

-0.29

-0.13

Flood

0.19

0.07

Ebb

-0.16

-0.07

Flood

0.01

0.00

Ebb

-0.01

0.00

Flood

0.00

0.00

Ebb

0.00

0.00

Flood

0.48

0.26

Ebb

-0.36

-0.20

Flood

0.43

0.15

Ebb

-0.38

-0.16

Flood

0.04

0.02

Ebb

-0.05

-0.02

Flood

0.02

0.01

Ebb

-0.02

-0.01

Flood
Ebb

0.01
-0.01

0.00
0.00
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Residual Velocity
(m/s)
-0.01
0.01
0.00
0.01
0.00
0.00
0.07
0.02
0.00
0.00
0.00

Figure 72. Comparison of Case H5 and Case A2 during peak flood. Top panel: large-scale view.
Bottom panel: zoomed in view
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Flow reversal at Bridge 2

Figure 73. Case H5 during peak flood demonstrating flow reversal at Bridge 2

4.2.10 Case H6 – Hydrodynamic Response to Closing of Bridge 1
A final scenario was run to evaluate the flow response to the closure of Bridge 1. This scenario
resulted in minor reductions in current velocity at all of the extractions points, with the greatest change
occurring in the southwest corner of the bay. As shown in Table 14 and Figure 74, a moderate reduction
was also observed at Bridge 2 (4% flooding, 8% ebbing), further demonstrating that Bridge 2 receives
hydrologic input from water flowing eastward from Bridge 1. These findings are consistent with the tidal
prism analysis discussed earlier, which showed that the percentage influence of Bridge 2 was high in terms
of tidal prism due to water flowing eastward from Bridge 1.
Surprisingly, velocity values near the terminal end of DC1 (extraction point B2) saw increases of
up to 92 % and 30% during flooding and ebbing tides respectively (Table 14). The large percentage increase
is related to the overall low magnitude of the velocity. Velocity values also increased to a lesser percentage
at B1. The cause of these increased north-south velocities should be the reduced east-west flow due to the
closure of Bridge 1, resulting in more water flowing parallel to the causeway at a faster velocity.
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Table 14. Summary of peak, average, and residual velocities at the eleven extraction points for case H6

Extraction Point
M1
B1
A1
M2
B2
P1
C1
C2
S1
S2
S3

Tide Cycle

Peak Velocity
(m/s)

Average Velocity
(m/s)

Flood

0.17

0.06

Ebb

-0.24

-0.09

Flood

0.13

0.07

Ebb

-0.26

-0.11

Flood

0.15

0.07

Ebb

-0.17

-0.06

Flood

0.15

0.05

Ebb

-0.12

-0.05

Flood

0.02

0.01

Ebb

-0.02

-0.01

Flood

0.00

0.00

Ebb

0.00

0.00

Flood

0.00

0.00

Ebb

0.00

0.00

Flood

0.55

0.26

Ebb

-0.41

-0.16

Flood

0.03

0.01

Ebb

-0.04

-0.02

Flood

0.02

0.01

Ebb

-0.02

-0.01

Flood
Ebb

0.02
-0.02

0.01
-0.01
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Residual Velocity
(m/s)
0.00
-0.01
0.01
0.01
0.00
0.00
0.00
0.08
0.00
0.00
0.00

Subtle increases in flow
through DC1 when Bridge 1
is artificially closed

Reduced flow
across majority
of western cell

Weakened flow through Bridge 2
when Bridge 1 is artificially closed

Figure 74. Comparison of Case H6 and Case A2 during peak ebb, showing subtle flow increases in DC1 and
weakened flow through Bridge 2 when Bridge 1 is artificially closed. Top panel: large-scale view.
Bottom panel: zoomed in view

109

4.2.11 Chapter Summary
This chapter compared current velocities at strategic locations within the modeling domain for the
10 different modeling scenarios. Cases A1, A4, H1, and H6 produced the greatest reductions in flow
velocities when compared with existing conditions due to the closure of the bridge openings. Changes were
most pronounced in the lower reaches of the bay, away from Bunces Pass. The cases involving closure of
the dredged channels (A3, H1, H4, H5) resulted in reductions in flow velocity within the channels, increases
in flow velocity in the adjacent seagrass beds, reduced tidal flow velocities through both bridges, and
reversals in flow direction at Bridge 2. Dredged channel closure also resulted in decreased velocity through
Bridge 2. The closure of Dredged Hole 1 (Case H3) did not produce a significant hydrodynamic response.
Reopening of the Campground Pass (Case H2 and H5) stimulates circulation in the northwest and southeast
regions of the bay, yet restricts circulation in the southwest region of the bay.
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CHAPTER 5:
DISCUSSION

The circulation patterns at Fort DeSoto Bay have been significantly altered by engineering
activities, including causeway and dredged channel construction. These changes have inflicted lasting
consequences on water quality and ecological connectivity in the southern portion of the bay, where two
parallel causeways blocked east-west flow and divided the estuary into three disconnected cells. The recent
construction of two circulation bridges in the lower bay restored connectivity between the cells, and in
doing so, improved water quality conditions, including temperature, salinity, and dissolved oxygen
(NOAA, 2010). Previous reports by SWFWMD (2018), NOAA (2010), and the Tampa Bay Estuary
Program (2015) have described the improved tidal connectivity and habitat quality that resulted from the
bridge installations. However, no hydrodynamic studies have been undertaken to quantify the effect of
causeway breaching on tidal connectivity, nor the role of dredged channels in tidal-driven circulation.
Therefore, we have attempted to evaluate the influence of the various natural and anthropogenic factors on
Fort DeSoto’s circulation patterns (i.e. current velocity, residence time), and to present a conceptual model
to illustrate the complex relationship between them.

5.1 Natural, Altered, and Restored Circulation Patterns
The predevelopment circulation patterns are generally considered a desirable baseline that can be
used to guide hydrodynamic restoration strategies in estuaries. In the case of Fort DeSoto, the natural
condition was characterized by uniform bathymetry, even seagrass coverage, free connectivity between the
east and west sides of the bay, and a lack of flow concentration via bridges and dredged channels as
compared to present conditions (Figure 75). The wide natural gaps between the mangrove islands created
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exchange points in the southern and central regions of the bay where tidal currents could freely circulate.
Such conditions produced a relatively homogenous and unobstructed flow regime that prevented the
establishment of stagnation pools, which may cause reduced water quality and degraded the estuarine
habitat. Furthermore, the open connectivity allowed for free movement of estuarine organisms to different
regions of the bay, thus enhancing the overall biodiversity of the estuarine ecosystem.

Figure 75. Conceptual model of flood flow natural (top) vs altered (bottom) flow patterns at Fort DeSoto Bay.
Ebbing currents follow a similar trajectory, but in the opposite direction.
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Although the natural circulation patterns are desirable, it can be argued that h uman-induced
alterations are inevitable due to the desire to live along the estuarine shoreline. Furthermore, it may not be
economically or logistically feasible to reverse all of anthropogenic modifications that have taken place.
Therefore, natural resource managers must decide whether to restore the natural environment that existed
prior to anthropogenic modification, or to create a different target ecosystem (Burger et al. 2007). In the
case of Fort DeSoto Bay, the construction of two causeways closed off the natural gaps between the
mangrove islands. These gaps served as essential conduits for tidal flow, such that blocking them negatively
impacted estuarine circulation. Removing large portions of the causeways to their predevelopment widths
in numerous places within the estuary is likely unrealistic. Therefore, installing circulation bridges in
strategic locations to restore tidal flow is a relatively cost-effective solution that can significantly benefit a
large area.
Identifying locations to construct circulation bridges can be accomplished through observations of
physical, chemical, and biological shifts that have occurred in the environment. NOAA (2010) developed
a list of long-term indicators of ecological change that are intended to help identify areas within estuaries
that could benefit from tidal restoration. These indicators include changing water quality, shifts in benthic
assemblages, vegetative die-offs, and invasions of non-native species. Optimizing the location of tidal
bridges also requires an understanding of historical flow patterns and land mass boundaries, which can be
obtained using historical imagery. A truly holistic approach, however, would utilize environmental
indicators in conjunction with hydrodynamic modeling to understand which restoration locations would
provide the greatest mitigation potential. An in-depth understanding and ability to accurately compute the
influences of various anthropogenic activities on circulation, as discussed in the following pages, can help
minimize prolonged impact on estuarine habitats and identify cost-effective and practical solutions.
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5.2 Influence of Causeways on Circulation
Causeways act as physical barriers that obstruct the movement of tidal flow moving in a
perpendicular direction. Therefore, if the causeway-perpendicular flow is essential to circulation within the
estuary, as is the case in Fort DeSoto Bay, the effects can be quite negative and require mitigation. The
construction of two north-south oriented causeways in Fort DeSoto Bay compartmentalized the estuary into
three cells. East-west connectivity between the cells was eliminated in the southern region of the bay,
causing a reduction in flow velocities and water quality. Scenario A1 highlighted the effects of the causeway
on bay-wide circulation by closing the two circulation bridges (i.e. to simulate the conditions predating the
bridge installation, ca. 2003). With contiguous, unbroken causeways, flow velocities decrease at all 11
extraction points. Velocities in the seagrass beds near the southern portion of the bay are most affected, in
some cases decreasing by nearly 70%. In fact, scenario A1 (both bridges closed) produced the greatest
reductions in flow velocity of all 10 scenarios tested. Thus, causeway construction had the greatest influence
on circulation at Fort DeSoto Bay, and is the dominant factor that led to stress of seagrass beds and impaired
faunal habitat suitability (NOAA, 2010).
The results presented here for Fort DeSoto Bay are by no means unique. Florida’s Gulf and Atlantic
coast is fringed with barrier islands that are connected to the mainland with numerous earthen causeways.
Many of these causeways extend perpendicular to the dominant flow direction and cross important estuarine
habitats, such as seagrass beds, marshes, and mangrove islands, which rely on regular tidal inflow to
mediate a variety of physiochemical and biological processes. Constructing causeways connecting
mangrove islands and over shallow habitats can be less costly and was therefore often applied historically.
For example, in the late 1950s a causeway was built to connect Sanibel Island to the mainland. This blocked
tidal connectivity between Clam and Dinkins Bayous, which resulted the loss of over 150 acres of mangrove
and 120 acres of seagrass beds. In 2006, three box culverts were placed underneath the causeway to
reestablish natural tidal flows and salinity levels (NOAA, 2010). These case studies are encouraging, and
provide important evidence to show decision makers that even minor restoration projects can significantly
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improve estuarine habitat quality. An adequate understanding of tidal circulation patterns, e.g., through
numerical modeling as in this case, is essential for guiding restoration projects.

5.3 Contribution of Bridges to Water Exchange and Seagrass Recovery
Bridges, culverts, and viaducts are commonly used practices for improving or restoring tidal
circulation blocked by roadways in shallow estuaries, saltwater marshes, and other tidally influenced coastal
wetlands. The two 40-foot-span bridges in the southern part of Fort DeSoto Bay were installed with the
goal of restoring historical tidal circulation patterns, improving water quality, and restoring seagrass
ecosystems. The contribution of these bridges to hydrodynamic exchange can be inferred by the post construction habitat monitoring data, which showed an amelioration of physiochemical stress over a threeyear period following construction of Bridge 1, such as temperature and dissolved oxygen (McCraken et
al. 2010), as well as a recovery of seagrass beds (TBEP, 2017).
Measured, as well as computed, peak tidal flows through both bridge openings can reach and
slightly exceed 0.5 m/s, which is by far the strongest flow in the lower Fort DeSoto Bay. Recalling from
equation 3, the strength of flow observed was anticipated, as the reduced cross-sectional area (A) must be
compensated for by an increase in current velocity (𝑣⃗) to maintain a constant discharge (Q). The increased
velocity was accounted for in the design of the bridges, which included limestone rip rap and armored
wingwalls to prevent channel scour. The increased velocity precludes the establishment of seagrasses
beneath and immediately adjacent to the bridge opening. As a result, sediment samples taken within the
channel thalweg at Bridge 2 contained only 2.5% organic material, while samples taken in a calmer area of
seagrass away from the bridge contained up to 16% (Figure 76).
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Bridge 2 Channel
Particle Size
Percentage
Gravel
4.50%
Sand
95.44%
Silt
0.06%
Clay
0.00%
Organic
3%

Bridge 2 Seagrass
Particle Size
Percentage
Gravel
1.13%
Sand
98.82%
Silt
0.05%
Clay
0.00%
Organic
10%
Mean Grain Size

0.18 mm/2.50 Φ

Mean Grain Size

0.26 mm/1.95 Φ

Figure 76. Comparison of particle size distribution for sediment samples taken beneath Bridge 2 and in in a calmer
seagrass bed away from the channel. Volume of organic material was obtained using a 4Φ wet sieve.

Despite the strong flow in the immediate vicinity of the bridge openings precluding the
establishment of seagrasses, the improved hydrologic exchange between the estuarine cells should
contribute significantly to water mixing at the terminus of the bay due to the area’s distal location from
tidal inlets. Improved water exchange is cited as a major factor contributing to the successful seagrass
recovery in Tampa Bay (Sherwood et al., 2017). In the case of Fort DeSoto, approximately 200 acres of
seagrasses (T. testudinum) were established in areas that were previously barren following construction of
Bridge 1 in 2004 (Figure 77) (TBEP, 2017). Analysis of tidal prism confirms that the regions of the bay
where seagrass recovery was most successful are within the area of influence (AOI) for the bridge openings,
as identified by the velocity difference maps (Figure 78). The area of seagrass recovery roughly coincides
with the area of flow velocity increase as simulated by the numerical model (Figures 77 & 78).
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Figure 77. Comparison of seagrass coverage before and after Bridge 1 installation (SWFWMD, 2018)

Several important design considerations must be evaluated in the planning phase for tidal
restoration projects, such as the location of the bridge openings along the causeway, and the geometry
bridge opening. In the case of Fort DeSoto, both bridges are located at the very bottom of the estuary, in
the same region where natural gaps once existed prior to causeway construction (Fig. 22 and 25).
Theoretically, the bridges should be installed where the flow is most severely blocked in order to maximize
the geographic area affected. In order to identify the areas that are most restricted, the area of influence of
various bridge locations should be considered using tidal prism analysis. A second consideration is the
width and depth of the bridge openings, as wider openings may better approximate the predevelopment
flow patterns, yet may also be cost-prohibitive. A solution may be to design a narrower and deeper bridge
to maintain the required cross-sectional areas needed to accommodate higher discharge volumes. This
approach was successfully adopted at the Fort DeSoto Bay. Another solution is to install numerous smaller
culverts along the causeway, as was done at Sanibel Island Causeway.
Numerical modeling can help to guide the design process by simulating the flow response of
various design alternatives. For example, by comparing the tidal prism flowing through a given opening to
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the total prism of the larger bay, the area of influence for a particular bridge opening an be determined.
Prism analysis at Fort DeSoto revealed that approximately 25% of the tidal prism in the lower half of the
bay flows through the bridge openings during a given tidal cycle (Table 5), suggesting a broad AOI. The
volume of water passing through Bridge 2 is considerably greater than Bridge 1, indicating that Bridge 2
receives hydrologic input from two sources: 1) water flowing continuously eastward from Bridge 1, and 2)
water flowing southward between the two causeways, i.e. within DC1, resulting in a larger area of influence
for Bridge 2. Velocity difference maps for cases A4 (Bridge 2 closed) and H6 (Bridge 1 closed) help to
visualize the AOI for Bridge 2 than Bridge 1 (Figure 78), showing a larger AOI for Bridge 2 than for Bridge
1. The above finding is somewhat unexpected given that Bridge 1 is more centrally located in the Bay.
Furthermore, Bridge 1 was constructed first in 2004, while Bridge 2 was not completed until 2016. This
illustrates the value of numerical modeling in quantifying complicated tidal circulation in the terminus of a
shallow estuary.

Yellow areas depict area
of influence for Bridge 1

Figure 78. Comparison of area of influence for Bridge 1 and Bridge 2
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Yellow areas depict area
of influence for Bridge 2

Figure 78 continued. Large-scale view

In addition to prism analysis, several of the modeling scenarios provide insights into the relative
influence of both bridges on tidal exchange in the southern bay, and large-scale circulation in the broader
bay (Case A1, A2, A4, H6). Prior to bridge installation (Case A1), current velocities were consistently
lower across the entire bay, especially near the southern termini of the western and middle cells. This
reduced flow is what contributed to temperature loading, low dissolved oxygen, and seagrass mortality in
the southern bay. Reopening of the two circulation bridges (Case A2) increased current velocity at all 11
extraction points, velocity in the most restricted areas between the causeways increasing by up to 226%. It
can be inferred that the increased flushing between the estuarine cells reduced the residence time of water,
improved water quality conditions, and restored seagrass populations.
The Fort DeSoto recirculation project did not remove sections of the causeway at a historical tidal
conduit in the northern region of the bay (Campground Pass), which was closed off when the causeway was
constructed. This pass remains blocked to this day, thus presents an opportunity for future tidal restoration
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work. The Campground Pass is located further north in the bay, where circulation is more active due to
proximity to Bunces Pass. Therefore, the closing of this conduit likely had a negligible influence on water
quality and ecosystem health in the southern region of the bay where circulation was most restricted. Two
hypothetical modeling cases (A3, H2, and H5) simulated the reopening of Campground Pass to both its
predevelopment width (100 m) as well as to the width of the existing bridge openings in the lower bay (12
m). Both cases produced significant increases in flow in the vicinity of the pass, as well as at Bridge 2. This
suggests that this opening is an efficient conduit for tidal exchange between the eastern and western sides
of the upper bay. Despite the increase flow in the central cell, flow in the western cell decreased, presumably
due to the interception of southward flowing water by the Campground Pass. Therefore, reopening this pass
stimulates circulation in the northwest and southeast regions of the bay, yet restricts circulation in the
southwest region of the bay. Although reopening the Campground Pass would be a necessary step to
restoring the Fort DeSoto Bay to its predevelopment conditions, the resulting circulation patterns may not
be advantageous for water quality in the southwest region of the bay (Figure 79).

Figure 79. Flow alteration from reopening of Campground Pass showing an increase in flow in the northwest and
southeast regions of the bay, and restriction of flow in the southwest region of the bay
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5.4 Influence of Dredged Channels and Seagrass Beds on Circulation
Numerical modeling results revealed that the construction of two north-south oriented dredged
channels within the Fort DeSoto Bay (DC1 and DC2, Figure 25) contributed to a bay-wide redistribution
of tidal-driven circulation. The narrow and linear geometry of the dredged channels caused a concentration
of tidal flow entering the estuary from Bunces Pass, leading to an increase in current velocities in the
channels and subsequent decrease in tidal flow velocity over the broad adjacent seagrass beds. These
findings are consistent with those of Weisberg (2005) and Galperin (1992), who found that an internal
pressure gradient drives currents into the Tampa Bay through deeper dredged channels, leading to greater
in-channel velocities. Comparisons of historical imagery suggest that the reduction in flow velocity across
large areas of seagrass beds did not reduce the spatial coverage of seagrasses in the upper region of the bay.
Although hydrodynamic response was likely not considered in the initial dredging design, it is clear
that the north-south channel orientation allows for deeper and more rapid penetration of tidal currents to
the lower bay during the flood tide, and more efficient flushing during the ebb tide. It is therefore reasonable
to deduce that the dredged channels reduced the residence time of water and aided in hydrologic flushing
of detritus and contaminants from the lower regions of the bay. These results support the findings of Linville
(2007), which highlighted how dredged channels result in stronger flow and reduced flushing time. It is
worth noting, however, that these effects were only observed in the central cell of the estuary, suggesting
that DC1 is a more efficient tidal conduit than DC2.
Our results indicate that dredged channels can be designed to achieve a desired flow pattern. In
other words, the dredged channels can be designed to guide the tidal flow in a desirable direction, and
therefore, alter the circulation patterns in a way that is conducive to circulation, as several of our modeled
scenarios demonstrate. The degree of flow alteration would depend on the orientation of the channel with
respect to flow, i.e. parallel, perpendicular, or oblique to the prevailing circulation direction. The channel
cross-section (width and depth) would also affect the water velocity. Large cross-sections may result in
reduced flow velocity simply due to increased cross-sectional area, while small cross-sections may result
in increased velocity. In theory, carefully designed dredged channels could be used to restore tidal flow and
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improve water quality in stagnant areas within estuaries. However, dredging has the potential to irreversibly
damage benthic habitat, so these findings should be interpreted with caution.
As noted in section 5.1, flood-tidal currents flow in a west to east direction through Bridge 1, and
an east to west direction through Bridge 2, leading to a flow convergence zone between the bridges.
Analysis of film loops reveals that the dredged channel construction may have caused a flow reversal at
Bridge 2 during both flooding and ebbing tides. When DC1 was constructed, the tidal prism entering the
central cell of the bay between the causeways increased considerably as a result of more efficient flow. A
pressure gradient developed between the western and eastern sides of Bridge 2 that caused the ebb currents
to reverse direction to match the flow of Bridge 1. This same reversal was observed in the predevelopment
scenario (also lacking dredged channels). An additional model run was conducted that confirmed the causal
relationship between DC1 construction and flow reversal at Bridge 2 by artificially closing DC1 from the
existing configuration. Given the geometric and ecological complexity of the Fort DeSoto Bay, it is difficult
to determine if this flow reversal had any implications for water quality or ecosystem function.
Nevertheless, these findings demonstrate the sensitivity of shallow estuarine hydrodynamics to bathymetric
alterations associated with engineering activities.
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CHAPTER 6:
CONCLUSIONS

This study evaluated the influence of various natural and anthropogenic factors on circulation
patterns at Fort DeSoto bay using a calibrated and verified numerical model, the Coastal Modeling System
(CMS) developed by the US Army Corps of Engineers (USACE). Taking advantage of the field
measurement capabilities of USF Coastal Research Lab, this study adopts the approach of defining model
boundary through in-situ measurements of tide levels, and calibrating the model with measured current
velocity. To gain a better understanding of how dredged channels, causeways, bridges, and seagrass beds
influence estuarine hydrodynamics, a series of modeled scenarios were run that simulated the effects of
various bathymetric changes (e.g. filling of dredged channels or closing of tidal bridges). These scenarios
were designed to simulate predevelopment, post-development, and post-restoration conditions, as well as
several hypothetical configurations. For each scenario, velocity values at strategic locations within the bay
were compared to the existing conditions to determine how flow is affected by the alterations. The findings
from these analyses are as follows:
➢ Overall, circulation at the Fort DeSoto Bay is quite active in the upper bay near Bunces Pass, the
main connection to the open sea, and more restricted in the lower bay near the southern boundary
of Mullet Key.
➢ The construction of two north-south oriented causeways between 1959 and 1962 disrupted the
natural east-west flow and divided the estuary into three disconnected cells. Without connectivity
between cells, inflowing tidal currents would accumulate in southern reaches of the bay, and then
slowly empty with the ebbing tide.
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➢ Tidal exchange near the southern terminus of the bay is strongly influenced by the two bridge
openings, with approximately 25% of the flood tidal prism in the lower half of bay passing through
the bridges during a tidal cycle.
➢ The artificial closure of the bridges resulted in reductions in current velocity and increased
residence time across the entire bay, illustrating that the bridges play an essential role in facilitating
circulation.
➢ The discharge through one bridge decreases when the other bridge is artificially closed during the
modeling, suggesting a strong hydrologic link between the two bridges.
➢ Bridge 2 has a larger area of influence than Bridge 1 and exhibits consistently higher discharge.
This suggest that Bridge 2 receives hydrological input from two sources: 1) water flowing
continuously eastward from Bridge 1, and 2) water flowing southward between the two causeways.
➢ Seagrasses play a significant role in bay-wide circulation patterns by dissipating tidal energy. Thus,
the conversion of seagrass beds into barren areas through dredging had a significant influence on
hydrodynamic processes by reducing friction and altering sedimentation patterns.
➢ The dredged channels concentrate tidal flow entering the estuary from Bunces Pass, leading to
greater velocities in the channels, and corresponding reduced velocity in the adjacent seagrass
beds.
➢ The largest dredged channel (DC1) allows for deeper and more rapid penetration of tidal currents
to the lower bay during the flood tide, and more efficient flushing during the ebb tide (i.e. shorter
residence time).
➢ Under natural circulation, tidal currents enter the bay in a westward direction from Tampa Bay,
and converge with tidal inflow from Bunces Pass. However, the construction of DC1 increased the
tidal prism in the lower bay, resulting in a flow reversal at Bridge 2.
➢ The closure of the Campground Pass with an impermeable causeway impeded the east-west tidal
flow in the upper bay, which may have negatively impacted water quality and ecological
connectivity in this area. Reopening of this pass in the numerical model stimulates circulation in
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the northwest and southeast regions of the bay, yet restricts circulation in the southwest portion of
the bay due to flow bypassing through the campground pass.
➢ The artificial closure of a large dredged hole in the southwestern corner of the bay did n ot result
in measurable changes to hydrodynamic circulation patterns.
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Appendix A: Flow Field Figures

Figure A1: Case A4 during peak ebb

135

Figure A2: Case A4 during peak flood
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Figure A3: Case A1 during peak ebb

137

Figure A4: Case H1 during peak ebb
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Figure A5: Case H1 during peak flood
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Figure A6: Case H2 during peak ebb
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Figure A7: Case H2 closeup of campground pass during peak ebb (top) and peak flood (bottom)
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Figure A8: Case H3 during peak ebb
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Figure A9: Case H3 during peak flood
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Figure A10: Case H4 during peak ebb
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Figure A11: Case H4 during peak flood
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Figure A12: Case H5 during peak ebb
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Figure A13: Case H5 during peak flood
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Figure A14: Case H5 closeup of campground pass during peak ebb (top) and peak flood (bottom)
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Figure A15: Case H6 during peak ebb
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Figure A16: Case H6 during peak flood
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Appendix B: Flow Magnitude Difference Figures

Figure B1: Comparison of Case H4 and Case A2 during peak ebb
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Figure B2: Comparison of Case H5 and Case A3 during peak flood
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Figure B3: Comparison of Case H5 and Case A3 during peak ebb
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Figure B4: Comparison of Case A1 and Case A2 during peak ebb
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Figure B5: Comparison of Case H3 and Case A2 during peak ebb
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Figure B6: Comparison of Case H2 and Case A2 during peak ebb
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Figure B7: Comparison of Case H5 and Case A2 during peak ebb
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Figure B8: Comparison of Case H6 and Case A2 during peak flood
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Figure B9: Comparison of Case A4 and Case A2 during peak ebb
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Figure B10: Comparison of Case H1 and Case A2 during peak ebb
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Appendix C: Flow Magnitude Graphs

Figure C1: Tidal flow at 11 points of interest for case A1 (no bridges). Upper panel: locations of the numerical flow
meter. Middle panel: flow in the upper bay. Lower panel: flow in the lower bay.
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Figure C2: Tidal flow at 11 points of interest for case A4 (without Bridge 2). Upper panel: locations of the
numerical flow meter. Middle panel: flow in the upper bay. Lower panel: flow in the lower bay.
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Figure C3: Tidal flow at 11 points of interest for case H2 (campground pass open). Upper panel: locations of the
numerical flow meter. Middle panel: flow in the upper bay. Lower panel: flow in the lower bay.
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Figure C4: Tidal flow at 11 points of interest for case H3 (fill in dredge hole). Upper panel: locations of the
numerical flow meter. Middle panel: flow in the upper bay. Lower panel: flow in the lower bay.
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Figure C5: Tidal flow at 11 points of interest for case H4 (fill in dredge channels). Upper panel: locations of the
numerical flow meter. Middle panel: flow in the upper bay. Lower panel: flow in the lower bay.
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Figure C6: Tidal flow at 11 points of interest for case H5 (fill in dredge channels-holes and opening campground
pass). Upper panel: locations of the numerical flow meter. Middle panel: flow in the upper bay. Lower panel: flow
in the lower bay.
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Figure C7: Tidal flow at 11 points of interest for case H6 (Bridge 1 closed). Upper panel: locations of the numerical
flow meter. Middle panel: flow in the upper bay. Lower panel: flow in the lower bay.
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Appendix D: Statement Regarding Previously Published Content
Previously published content appears in this thesis document within Chapter 2.2: History of Human
Settlement. Permission is not required from the publisher to reprint this material. This content was
previously published by the author of this thesis, Charles Gray Vickery, in the following Story Map:
Vickery, C.V. (2020). Human Nature Relationships at Fort DeSoto Park. GEO 6116 - Perspectives on
Environmental Thought.
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